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in two New Zealand Soils 
by S.F. Burkett 
Degradation and sorption parameters were determined for two triazine 
herbicides, atrazine, and simazine, and their two metabolites, 
desethylatrazine (DEA), and desisopropylatrazine (DIA) in a Horotiu 
silt loam (7.3% organic carbon, 12% allophane) and aTe Awa silt loam 
(2.17% organic carbon). Inverse modelling was carried out using PEST 
(a parameter optimisation package) and LEACHM to derive field-based 
sorption and degradation parameters. Simulations using LEACHM were 
used to estimate pesticide and metabolite distribution through the 
Horotiu and Te Awa soils. Laboratory-determined half-lives of the 
metabolites ranged between 31-32 days for DEA, and 24-34 days for 
DIA in both soils, similar to the half-lives of atrazine and simazine (20 
days and 32-37 days, respectively). There was good agreement between 
the Freundlich sorption constants (Kf = 3.38,3.59,1.70,2.13 for 
Horotiu, and Kf = 1.17, 1.43, 0.69, 1.22 for Te Awa, for atrazine, 
simazine, DEA, and DIA respectively) and the linear pesticide 
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distribution constants (Kd = 3.96, 4.90, 1.97, 3.03 for Horotiu, and Kd 
= 1.13, 1.46, 0.70, 1. 31 for Te Awa, for atrazine, simazine, DE A, and 
DIA respectively). The similarities between metabolites and their 
parent compounds in sorption coefficients and degradation rates 
indicate that DEA and DIA need to be considered with atrazine and 
simazine when the groundwater contamination potential of triazine 
pesticides are examined. The inverse modelling of the field 
experiments resulted in only a few parameters which were estimated 
with confidence. Sorption and degradation values for DEA could not be 
determined with confidence from the Horotiu field results. The 
mo bility and sorption 0 f DEA and DIA could not be determined with 
any confidence in the Te Awa soil. However, atrazine and simazine 
were estimated to be less mobile and less persistent than literature 
values. The LEACHM simulations using the laboratory-derived 
degradation and sorption parameters were compared with the measured 
field observations from both soils. The pesticide and metabolite 
distribution was overestimated in the topsoil «40cm), and 
underestimated in the subsoil by LEACHM, indicating that the 
optimised degradation rates were greater than the field degradation 
rates. However, the low confidence with the simulations is probably 
due to preferential flow in the Te Awa soil (not considered by 
LEACHM), and the low number of detections in the Horotiu soil. 
Keywords: atrazine, simazine, desethylatrazine, desisopropylatrazine, 
degradation, sorption, modelling, PEST, LEACHM. 
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CHAPTER ONE 
General Introduction 
1.1. Introduction 
The 1998 National Survey of Pesticides in Groundwater (Close & 
Rosen 2001) sampled ninety-five (95) wells throughout New Zealand 
and detected pesticides, and pesticide metabolites, in thirty-three (33) 
of the wells. Twenty (20) different pesticides were detected; about 75% 
of the detected pesticides were from the triazine compound group. 
Detected for the first time were two triazine metabolites, desethyl 
atrazine (DEA) and desisopropylatrazine (DIA), at concentrations 
rangmg from 0.01 - 0.26 /-lg L- 1. Although most pesticides detected 
were at low concentrations, one well had pesticides present at levels 
which exceeded the maximum acceptable value (MA V) for drinking 
water in New Zealand. The 2002 survey sampled 133 wells across New 
Zealand and detected pesticides in twenty-eight (28) (21 %) of the 
wells. The two triazine metabolites, DEA and DIA, were agam 
detected, generally at low concentrations (0.029 - 0.17 /-lg L- 1). Sixty-
eight percent of the detected pesticides were from the triazine 
compound group, and none of the wells contained pesticides at levels 
which exceeded the maximum acceptable value (MA V) for drinking 
water. 
Desisopropy latrazine and DEA are formed through 
biodegradation of atrazine and are thought to have similar 
toxicological properties to their parent compound (Lui et al. 1996). 
They also tend to have greater mobility and similar persistence. 
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Desisopropylatrazine IS also formed VIa biodegradation of 
SImazme, a triazine pesticide with similar characteristics to atrazine. 
While many studies have been conducted on the environmental fate of 
atrazine, little is known about the fate of the metabolites. 
Triazine compounds are widely used in New Zealand as 
herbicides, and are easily leached into the groundwater, due to their 
high water solubility. 
A research tool III better understanding the leaching 
characteristics of triazine metabolites and assessing their 
contamination potential is the pesticide leaching model, LEACHM. 
LEACHM (LEACHP is the pesticide module of the LEACHM model) is 
a mechanistically based model of water and solute movement and 
pesticide chemistry (Hutson and Wagenet 1995). It uses a finite 
difference approximation to solve the Richards' equation for water 
movement and the convection-dispersion equation for solute transport. 
LEACHM is able to simulate a variety of pesticide transformations and 
adsorption processes, including simulation of parent and daughter 
compounds. 
The focus of the study was to determine the mobility and 
persistence 0 f desethylatrazine and desisopropylatrazine, along with 
atrazine and simazine in a series.of New Zealand soils, and to simulate 
the leaching characteristics of the atrazine and simazine, and their 
metabolites, DEA and DIA, using LEACHM to investigate the 
environmental fate of these potential groundwater contaminants. 
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1.2. Objectives 
The objectives of the thesis were to: 
(i) Study the transformations and mobility, by determining the 
degradation rates and sorption coefficients, of the triazine herbicides 
atrazine and simazine, and the triazine metabolites desethylatrazine 
(DEA) and desisopropylatrazine (DIA) and, 
(ii) to calibrate the LEACHM model with pesticide and metabolite 
parameters from field and laboratory studies, to determine if LEACHM 
can be used to predict pesticide and metabolite leaching under any 
field conditions. 
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CHAPTER TWO 
Literature Review 
2.1. Pesticide use in New Zealand 
Pesticide use in New Zealand, as in many other developed 
countries, has become an essential part of the land-based pnmary 
production system (Cameron et al 2002). New Zealand's mild to warm 
temperatures and adequate moisture conditions allow for growth of a 
large range of weed species and fungal infections of plants which 
necessitate the use 0 f pesticides for weed and plant disease control for 
efficient and economic production. 
It is difficult to acquire detailed records of pesticide use in New 
Zealand, as there is no system in place for monitoring pesticide usage. 
However, a report by Holland and Rahman (1999) that surveyed 
pesticide use in the year ending 30 June 1998 found that total pesticide 
use (excluding mineral oil) increased from 3300 tonnes (ai) per annum 
in 1983, peaking at 3700 tonnes (ai) per annum in 1994, before 
declining to 3300 tonnes (ai) per annum in 1998. The report indicated 
that herbicide use (68% of total pesticide usage) dominated over 
fungicides (24%) and insecticides (8%). 
The use of highly persistent organochlorine pesticides (e.g. 
Dichloro-diphenyl-trichloroethane, Polychlorinated biphenyls, and 
Dieldrin) was stopped in the 1970's after being used for pest control 
Slllce the 1950' s. Their usage has resulted in the contamination 0 f 
soils, sediments and water bodies. Recent surveys have shown low 
concentrations of these pesticides in soils and water bodies, with levels 
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of DDT found in urban soils shown to vary geographically, indicating 
variability in regional usage. Concentrations ranged from 1.5 )..lg kg-' in 
urban Hamilton soils to 431 )..lg kg-' in some urban Christchurch soils 
(Cameron et at 2002). Fish and shellfish in estuaries showed levels of 
dieldrin and DDT. Residues from these pesticides still remain in the 
soil, surface waters and groundwater today, long after the termination 
of their usage (Aislabie & Lloyd-Jones 1995). 
2.2. Triazine Pesticides 
Atrazine [2-chloro-4-( ethylamino )-6-(isopropylamino )-1,3,5-
triazine] is a widely used selective triazine herbicide for control of 
weeds in horticulture, forestry, and arable farming in New Zealand and 
overseas (Sparling et at. 1998). Atrazine is the most heavily applied 
herbicide in the United States of America (Panshin et at. 2000), 
accounting for 12% of all pesticides used (Belluck et at. 1991). 
Atrazine is also one of the most commonly studied herbicides (Oliver 
et at. 2003). 
Triazine pesticides are used in New Zealand in plantation 
forestry, and in the agricultural industry. Usage 0 f triazines in the year 
ending 30 June 1998 were 80,300 kg (ai) in the agricultural industry, 
and more than double that for use in plantation forestry, 165,000 kg 
(ai) (Holland & Rahman 1999). This report also states that triazine 
herbicide use has increased by 90% in the past decade, due to the 
increased use in cropping and forestry, and that triazines are a very 
cost-effective pre-emergence herbicide which dominate this market. 
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Table 2.1. Pesticides and metabolites used, their water solubilities, and literature 
Koc and half-lives. 
Chemica l Chemical name 
Atrazine 2-c hl oro-4-
ethylamino-6-
iso pro pyla m ino -s-
tria z ine 
Simazine 2-ch loro-4- , 6-bis 
(ethylamino )-s-
triazine 
DEA 2-ch 10 ro-4-amino-
6- isopro pyla mino-
s-triazine 
DIA 2-chloro-4-
ethylamino-6-
ami no -s- t ria z i n e 
" Seybo Id & MerSle 1996 . 
b Kookana e t at. 1995 . 
c Wauchope e t al. 1992. 
d Baluch e t al . 1993. 
C Winkelmann & Klaine 1991. 
Water Literature Literature 
so lubility Koc t Yl 
(mg / L) ( Llkg) ( days) 
33" 100e 60c 
5" 130c 60 c 
2700' 80-1 10' 19_54" 
980' 128-130" 17" 
Another tria z ine herbicid e si milar to atrazine IS Slma Zlne [2 -
chloro-4- , 6-bis (ethylamino)-s-I , 3,5- tria z ine]. Simazine is the seco nd 
mo s t widely used pesticide in the USA and the one pe st icide most 
widely reported in groundwater (Cogger e t al . 1998). Sima z ine is also 
used globa ll y for pre-emergence and post-emergence weed control, and 
in New Zealand simazine is regi s tered for use in a variety of 
horticultural crops , e .g ., asparagu s, broad beans , strawberries, be rry 
fruits , grapes, citrus and pip fruits , o rnaments and nurser ies, and mai ze 
and sweet corn ; for Pinus radiata seed beds ; for control of algae In 
pond s, tanks , and water troughs; and for general vegetation control In 
non-cropland area, yards , and driveways (Rahman & Holland 1985) . 
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Figure 2.1. Chemical structure for atrazine, simazine, DEA, and 
DIA, and their transformation pathways. 
ATRAZINE 
I 
CI 
N~N 
AA NH N NH CH3 
2 ~ / 
/CH 
CH3 
DESETHYLATRAZINE 
SIMAZINE 
~ 
DESISOPROPYLATRAZINE 
Atrazine and Slmazme are chemically similar, differing by one 
methyl group in an amino side chain on the triazine ring. Both have 
low water solubility and moderate adsorption to soil (Table 2.1). 
The U. S. EPA describes atrazine as "sharing the characteristics 
of other triazine herbicides which make it a groundwater contaminant: 
high leaching potential, high persistence in soils, slow hydrolysis, low 
vapour pressure, moderate solubility in water, and moderate adsorption 
to organic matter and clay". As a result of its extensive use, atrazine 
has been detected in ground water up to 20 times more frequently than 
any other herbicide in the U. S (Belluck et al. 1991). Once applied, 
atrazine can remain chemically intact, or can be degraded to several 
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metabolites in soil. The primary degradation products are: desethyl 
atrazine, (DEA), [2-chloro -4- amino -6 -( isopropylamino )-s-triazine], 
desisopropylatrazine, (DIA), [2-chloro-4-( ethylamino )-6-amino-s-
triazine], and hydroxyatrazine, (RA), [2-hydroxy-4-( ethylamino )-6-
(isopropylamino )-s-triazine]. Atrazine degradation occurs via chemical 
hydrolysis, resulting in the formation of hydroxyatrazine, and via 
microbial degradation, resulting in the formation of desethyl atrazine 
and desisopropylatrazine (Lloyd-Smith et al. 2000, Seybold & Mersie 
1996, Winkelmann & Klaine 1991, Xu et al. 1999, Qiao et al. 1996). 
2.3. Atrazine metabolites 
N -dealkylation, dechlorination and hydroxylation at the 2-
position, deamination and ring cleavage are mechanisms involved III 
the microbial degradation of atrazine (Winkelmann & Klaine 1991). 
Both soil fungi and bacteria can mediate the conversion of atrazine to 
DIA and DEA. Kaufman & Kearney (1970) stated that alkylation is the 
major mechanism by which chloro-s-triazines degrade, due to 
experiments where the evolution of C02 occurred from microbial 
culture solutions containing 14C-ring-Iabelled atrazine. Further analysis 
of the solutions revealed two degradation products, DEA and DIA. In 
an atrazine degradation study in two u.S. soils, Blumhorst & Weber 
(1994) reported that microbial degradation resulted in increased levels 
of extractable N -dealkylated metabolites. 
Desisopropylatrazine and DEA are phytotoxic metabolites of 
atrazine (Winkelmann & Klaine 1991, Baluch et al. 1993), whereas RA 
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and other atrazine metabolites (dealkylatrazine, DAA) have been shown 
to be non-phytotoxic (Winkelmann & Klaine 1991). Both DEA and DIA 
have been detected in surface waters and groundwater in previous 
studies (Adams & Thurman 1991, Belluck et ai. 1991) and were 
recently detected by Close & Rosen (2001) in New Zealand wells for 
the first time. DEA and DIA are considered to be the primary 
degradation products of atrazine in groundwater (Baluch et ai. 1993). 
In determining the potential health risk, Winkelmann & Klaine 
(1991) stated that DEA is almost as toxic as atrazine, whereas DIA is 
five times less toxic than its parent compound. The herbicide's 
manufacturer, Ciba-Geigy, has been quoted as stating, "the principal 
metabolites have toxicity which equals or exceeds that of the parent" 
(Belluck et ai. 1991). The same author summarises the lack of adequate 
data in stating that DEA and DIA have similar toxicology to atrazine. 
In contrast to atrazine, there is little information regarding the 
persistence or the mobility of DEA or DIA within the soil matrix. In 
research looking at the adsorption and desorption of atrazine and it 
major metabolites in two soils, Seybold & Mersie (1996) reported 
organic distribution coefficients ranging from 140-234 for atrazine, 80-
110 for DEA, and 128-130 for DIA. Winkelmann & Klaine (1991) 
applied 14C ring-labelled metabolites to a sterilized soil microcosm and 
found that the half-lives of DEA and DIA were 26 and 17 days 
respectively, similar to the half-life of the parent atrazine, at 
approximately 21 days. In a similar study by Qiao et ai (1996), the 
half-life of atrazine was determined to be 28 days in three soils 
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incubated at a temperature 0 f 25°C. Atrazine degradation slowed to a 
half-life of 103 days at the lower soil temperature of 10°C. 
The desethylatrazine to atrazine ratio (DAR), defined as DAR = 
[desethylatrazine]/[atrazine] has been suggested (Adams & Thurman 
1991, Panshin et at. 2000, Fermanich et at. 1996) as an indicator of 
pesticide residue age and the amount of interaction between atrazine 
and the soil. A low DAR «0.1) indicates that the pesticide has not 
interacted significantly with the surrounding soil, whereas DAR values 
>0.4 are detected after considerable atrazine degradation to DEA 
(Panshin et at. 2000). Adams & Thurman (1991) hypothesised that the 
DAR may be an indicator of point-source vs. nonpoint-source 
groundwater contamination by atrazine. This is because in the case of 
nonpoint-source contamination, soil microorganisms could convert 
significant amounts of atrazine to DEA (and to a lesser extent DIA), 
therefore increasing the DAR. Conversely, point-source contamination 
resulting from direct entry of atrazine into the groundwater would not 
involve significant contact of atrazine with soil microorganisms, 
leaving them little time to deethylate atrazine, leaving the DAR low. 
2.4. Pesticide Leaching 
Once pesticides are applied to a site, a number of processes 
begin to occur that influence the ultimate fate of the pesticide. 
Koskinen & Harper (1990) states that the fate of a pesticide is 
governed by the retention, transformation, and transport processes that 
occur within the soil environment. Pesticide transport refers to the 
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movement of pesticides from their point of application, and includes 
the processes of volatilisation, which distributes the pesticide from the 
soil to the atmosphere via gaseous emissions, surface runoff into 
surface waters, and leaching. Leaching is defined as the vertical 
movement of water and solutes through the soil profile (Close et ai. 
2001, Cameron et ai. 2002). Pesticides enter the soil by dissolving in 
rain or irrigation water. The concentration of the infiltrating water will 
depend on the solubility of the pesticide and the rate of water flow. 
High rainfall intensity events may cause the pesticide to be transferred 
through cracks and openings to lower depths in the soil profile; this is 
called macropore flow. 
As soil water moves through the profile, the solute load is 
carried in a convective stream. A portion of the solute in the flow can 
be adsorbed to the soil components, taken up by plant roots, or 
precipitated out whenever their concentration exceeds their solubility. 
Solutes not only move with soil water, but also within it, in response to 
concentration gradients. At the same time, solutes react among 
themselves and interact within the soil matrix III a continuous cyclic 
succession of interrelated physical and chemical processes. These 
interactions involve, and are strongly influenced by, such variable 
factors as soil acidity, soil temperature, redox potential, soil 
composition, and the solute concentration. 
11 
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2.5. Sorption 
Described by Koskinen & Harper (1990) as the retention process, 
which incorporates the processes of adsorption and absorption, as well 
as precipitation , sorption has been recognised as one of the key 
processes affecting pesticide fate In the soil -water environment 
(Koskinen & Harper 1990, Cameron et al. 2002, Oliver et al. 2003) . 
Adsorption has been defined by Koskinen & Harper (1990) as the 
accum ulation of a pesticide at either the soi l-water or the soil-air 
interface, and refers to a reversible process involving the attraction of 
a chemical to the soil particle surface and retention of the chemical 
depends on the affinity of the chemical for the surface . Pesticide 
absorption involves the movement of the pesticide into the soi l 
particles and organisms , physically trapping the chemical. As the 
distinction between adsorption , absorption , precipitation, and covalent 
bonding of pesticides to soi l particles is difficult , and adsorption is 
usually determined by chemica l los s from so lution , a more genera l term 
IS used to describe all these processes : sorption . 
Sorption refers to the general reversible retention process where 
pesticides are bound to mineral or organIc matter with no distinction 
between adsorption, absorption and precipitation. The process of 
sorption IS a significant factor on pesticide fate because it influences 
how much of a pesticide is free to enter into transfer and degradation 
processes , which dominantly occur in the soil water, or soil so lution. 
Sorption by soil components is a high ly complex process, and this IS 
mainly due to the heterogeneous composition of the soi l matrix. Soil 
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consists of three phases - a solid phase (~50%) comprised of mineral 
and organic solids, a liquid phase (~25%), and a gas phase (~25%). The 
liquid and gas phases act as the main forms of transport for soluble and 
volatile chemicals in the soil, while the role of the solid phase is to act 
as the primary site for chemical accumulation and transformations 
(Koskinen & Harper 1990). 
Adsorption is the principle sorption process (Koskinen & Harper 
1990) and is defined by the same author as "the accumulation of a 
pesticide or other organic molecule at either the soil-water or the soil-
air interface", and is the result of the electrical attraction between 
charged particles, namely the pesticide molecule and soil particles. 
The adsorptive reactivity of soil organic and mineral surfaces to 
organic molecules is dependent on the number and type of functional 
groups at accessible sites on the surfaces of the solid. The major 
functional groups on inorganic surfaces that contribute to adsorptive 
reactivity are inorganic hydroxyl groups found in abundance on soil 
clays, while the functional groups within the soil humus are known to 
include carboxyl, carbonyl, amino, and sulphonic groups (Koskinen & 
Harper 1990). 
The wide variety of functional groups in soil organic matter lead 
,'-. ..;. 
to a range of adsorptive reactivities. Generally, the positively charged 
pesticide molecules are attracted to, and can bind with the negatively 
charged particles of clay and organic matter. The tendency of different 
pesticides to adsorb to soil varies with their chemical and physical 
characteristics. 
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The mechanisms by which pesticides can adsorb to soil particles 
and soil organisms include Van der Waals attraction, hydrogen 
bonding, ligand and cation exchange, chemisorption, and hydrophopic 
sorption. 
2.5.1. Factors 
As previously discussed, pesticide sorption is mainly determined 
by the chemical characteristics of the pesticide. However, certain 
characteristics 0 f the soil are also influential in pesticide sorption. 
The dominant factors include soil moisture, organic matter and 
clay content, soil texture, soil pH, and soil structure. Wet soils tend to 
adsorb less pesticide than dry soils, either because water molecules 
will compete for the binding sites or because some of the pesticide 
molecules will remain dissolved III the soil water. Soil pH can 
determine the mechanisms by which sorption occurs, especially for 
pesticides that are weak bases or acids, as these pesticides may carry 
either a positive or negative charge, or no charge, depending on soil pH 
and therefore meaning that the sorption mechanism involved may be 
either anion or cation exchange. The soil pH may also affect the 
micro bial status in the so iI, reducing the potential for microbial 
degradation and therefore increasing the pesticide available to be 
adsorbed into the soil matrix. Soils with a highly developed structure 
may encourage the movement of the soil solution between soil 
structural units without contacting the individual soil particles 
contained within. This reduces the soil's capacity for sorption and 
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enhances pesticide transport towards the groundwater. Soils with 
abandoned root channels and animal or worm burrows are also 
susceptible to reduced sorption of pesticides. Soil texture is important 
as sand particles provide less surface area for sorption, and with sandy 
soils generally being freer draining than finer-textured soils, pesticides 
are more likely to move away from their point of application towards 
the groundwater without coming into contact with clay particles and 
organic matter. These two soil components are the two most significant 
in terms of pesticide sorption capacity and capability. Soil organic 
matter has been found to correlate significantly with measured 
pesticide sorption, and therefore soils with high organic matter 
contents will have an increased potential to adsorb pesticides. This is 
also valid for the clay content of soil. The fine-textured clay gives the 
soil a larger surface area, and therefore more bonding sites onto which 
the pesticides can attach to. 
2.5.2. Quantifying pesticide sorption 
Adsorption isotherms are calculated by first meaSUrIng the 
pesticide distribution coefficient (Kd). The common assumption is that 
the equilibrium concentrations measured in soil and water during the 
batch equilibrium experiment should form a constant ratio (Gustafson 
1989). Assuming such behaviour, the ratio of pesticide concentration in 
the soil (Cs) and water (Cw ) is represented as K d , where: 
Kd = Cs/Cw 
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The unit of measurement for Kd is ml/g , as C w is measured In flg / ml 
and C, in flg /g. Measured Kd values for various pesticides in different 
soi ls often vary proportionately with the organic carbon content of the 
soil (foe [g organic carbon/ g soil]). This relationship ha s commonly 
been used to derive a universally accepted means of comparing 
pesticide mobility In different soi ls; the pesticide sorpt ion coefficient , 
or Koe, where: 
Koe = Kd/ f oe . 
The advantage of K oe is that it represents a soil-independent measure of 
pesticide mobility (Gustafson 1989) and many studies have shown that 
there is an exce ll ent correlation between the measured adsorption 
coefficient and the organic mat ter content of the soil (Bewick 1994) . 
This indicates that the principal adsorption mechanisms involve 
reaction s between the pesticide and the organic matter component of 
the soil. 
The sorption coefficient is widely recognised as the best way to 
classify the mobility of pesticides in the soil environment. 
Table 2.2 Classification of soil mobility on the basis of K., (Bewick 1994). 
Koc Mobility Class 
0 - 50 Very High 
50 - 150 High 
150 - 500 Medium 
500 - 2000 Low 
2000 - 5000 Slight 
> 5000 Immobile 
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However, this is a valid approach only for those pesticides which 
are primarily sorbed onto organic matter, and knowledge of the 
adsorption mechanism is required if it to be used with any level of 
confidence in assessing pesticide mo bility. 
Most often, however, adsorption does not follow a linear 
relationship between the adsorbed pesticide (Cs ) and that in solution 
(Cw ), therefore the distribution coefficient is commonly described by 
the Freundlich relationship: 
Kf = [CsJI[CwJ
lIn 
where Kf is the freundlich distribution coefficient and n is an empirical 
constant. 
Sorption isotherms can be represented by the Freundlich equation: 
S = KjCN 
in which S is the sorbed concentration, C is the solution concentration, 
and Kf and N are empirical constants. When N = 1 in the freundlich 
equation, a linear equation is produced, indicating there is a constant 
ratio between the adsorbed pesticide and the pesticide in solution, and 
hence the equation becomes: 
S = KdC or Kd = SIC, which becomes Kd = [CsJI[CwJ 
The value of N in the Freundlich equation is usually <1 (Green & 
Karickhoff 1990) so that the. resulting isotherm is curvilinear, with the 
sorbed quantity increasing rapidly as concentration is increased at low 
concentrations, and sorption approaches a maximum slowly at high 
concentrations. This is saying that Kd decreases as concentration 
increases. However, when N > 1, the opposite is true. Green & 
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Karickhoff (1990) suggests that the common range for distribution 
coefficients are between 0.75 and 0.95. 
2.6. Degradation 
Once introduced into the soil environment, pesticides are 
subjected to biological and non-biological transformation, or 
degradation, processes. These processes break down the pesticide 
molecules into simpler and generally less toxic compounds. Sometimes, 
however, the toxicity of the transformation products can be greater 
than the original pesticide. The herbicide manufacturer Ciba-Geigy, 
states that the primary metabolites of atrazine, DEA and DIA, can have 
a toxicity that equals or exceeds that of the parent compound (Belluck 
et al. 1991). 
Degradation of organic pesticides, or more specifically, the rate 
of pesticide degradation, is one of two significant factors that can 
affect the fate of pesticides in the environment, and the potential for 
groundwater contamination by that pesticide (Aislabie & Lloyd-Jones 
1995, Di et al. 1998). Degradation processes are performed primarily 
by the action of microorganisms, commonly called biodegradation. 
Aislabie & Lloyd-Jones (1995) defines biodegradation as the 
breakdown of a substance to smaller products caused by 
microorganisms or their enzymes. 
The degradation process IS 0 ften fitted well by a first-order 
process, and therefore pesticide degradation rates are expressed as 
half-lives (Close & Rosen 2001). Factors such as the chemical 
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composition and structure of the pesticide can affect the degradation 
rate, as well as soil and environmental conditions such as microbial 
activity, pH, soil temperature, and soil organic matter content (Close & 
Rosen 2001, Cameron et ai. 2002). 
2.6.1. Degradation Processes 
Of all the processes involved in pesticide degradation, microbial 
metabolism is generally regarded as the most important (Bewick 1994, 
Bollag & Liu 1990). Since microorganisms can survive in almost any 
imaginable environment because of their remarkable abilities 0 f 
mutation and adaptation, they have a great potential to acquire 
degradative capabilities. 
There are five processes involved in microbial transformations of 
pesticides, and more than one mechanism may be involved during 
micro bial degradation. 
Biodegradation, also known as mineralisation, IS the most 
prevalent form of pesticide degradation and has been described by 
Bollag & Liu (1990) as the most environmentally valuable degradation 
mechanism by microbes. With this process, the pesticide molecule is 
metabolised into and other 
. . 
lllorgalllc compounds, with the 
microorganisms involved obtaining their growth and energy 
requirements. From an environmental standpoint complete metabolism 
is desired, as this avoids the production of potentially hazardous 
pesticide intermediates. 
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Another important process III pesticide degradation IS 
cometabolic transformation. Here, the microorganism, while growing at 
the expense 0 f another substrate, has the ability to transform a 
pesticide compound without deriving any nutrient or energy for growth 
from the process. Bollag & Liu (1990) states that this mechanism is a 
fortuitous one, as the enzymes involved in catalyzing the initial 
reaction are often lacking substrate specificity. The pesticide 
compound may not be extensively degraded with cometabolism, but 
what may occur IS that a compound is transformed by sequential 
cometabolic attacks, or possibly the cometabolic products of one 
organism can be used by another as a growth substrate (Bollag & Liu 
1990). However, this mechanism can lead to the accumulation of 
potentially toxic intermediate products in the soil environment, and in 
some cases the intermediate products may inhibit microbial growth as 
well as their metabolism. This transformation mechanism IS largely 
influenced by environmental conditions III the soil such as soil 
temperature, moisture and pH, as these parameters can affect the 
micro bial population 0 f the so il. 
Other degradation processes involve polymerisation and 
conjunction reactions, where the pesticide molecules are linked 
together with other pesticides, or with naturally occurring compounds 
to form a larger molecular polymer. Pesticide accumulation is another 
method by which the pesticide compounds are accumulated within the 
cells of a microorganism. However, this has been attributed to the 
passive physical process of adsorption rather than active metabolism 
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(Bollag & Liu 1990). The indirect action of microbial activity III the 
soil can also initiate non-enzymatic pesticide transformation. Microbial 
activity can contribute to changes in soil environmental parameters 
such as pH or redox potential that are then conductive to secondary or 
non-enzymatic transformations of pesticide molecules. Soil pH is a 
major factor in determining the route of pesticide transformation, and 
drastic pH changes can be attributed to the metabolic activities of soil 
microbes. Bollag & Liu (1990) states that soil pH can became alkaline 
by the degradation of proteins and acidic during the metabolism of 
carbohydrates, or oxidation of organic nitrogen to nitrite and nitrate. 
While physical degradation can be important, it is considered to 
be of minor importance in pesticide degradation within the soil. 
However, chemically-mediated degradation of pesticides can be 
significant. Abiotic or chemical degradation is the breakdown 0 f 
pesticides by processes that do not require the direct interaction of 
pesticides with the soil biota. The main reactions involved in chemical 
degradation are hydrolysis and oxidation/reduction. 
Hydrolysis is a pH-influenced reaction that many complex 
molecules undergo in the presence 0 f water. Even a slight vanance 
from a neutral pH can elicit rapid degradation of pH-sensitive 
compounds. Hydrolysis can occur by biological means as well, and 
studies have been performed to differentiate between chemical and 
biological hydrolysis, often by comparing degradation in fresh and 
sterilised soils (Bewick 1994, Kruger et al. 1997). One of these studies 
showed that hydrolysis of sulfonyl urea herbicides in fresh and 
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ethylene oxide sterilised soils indicated that chemical hydrolysis was 
more important at low soil pH, while microbial hydrolysis was 
significant at high soil pH (Bewick 1994). In sub-surface soils, the 
main degradative process may be via chemical hydrolysis, as microbial 
activity generally decreases down the soil profile. 
The other chemical degradation processes occurring m the soil 
are oxidation and reduction reactions. Molecular oxygen and several 0 f 
its more reactive forms i. e. ozone, superoxide, peroxides, are capable 
of reacting with many organic compounds to generate oxidation 
products. In all but the most oxygen-poor environments, oxidative 
transformations are frequently the most common degradation pathways 
observed. Some pesticides are subjected to reduction in the soil but, 
agam, it is often difficult to differentiate between abiotic and 
microbial mechanisms. However, there is little doubt that reducing 
conditions in soil arise as a result of microbial metabolism (Bewick 
1994) . 
2.6.2. Degradation Rate 
Pesticide persistence in the soil environment IS commonly 
referred to as the pesticides degradation rate, and is expressed in terms 
of the half-life of the pesticide. This is the length of time required for 
half 0 f the original quantity to become biolo gically inactive. 
The degradation rate is generally measured by a simple soil 
incubation with a known concentration of pesticide under controlled 
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temperature and moisture conditions. The decline III pesticide 
concentration with time is described by the first order equation: 
C, = Coexp(-kt) 
where C, is the pesticide concentration remaining at time t, CO IS the 
initial pesticide concentration, and k is the degradation constant. 
To fit the equation to a straight line: 
In(C/Co) = -kt 
Difficulties can arise when determining the degradation rate of a 
pesticide. As has been previously mentioned, it is often difficult to 
differentiate between biotic and abiotic processes without extensive 
laboratory studies. There are many possible pathways and fates for 
pesticides in the soil, and the disappearance of fractions of the 
pesticide may potentially be misinterpreted as transformation or 
degradation when, in fact, it may be due to other processes where the 
pesticide is permanently bound to soil residues. 
The longer the half-life, the more persistent the pesticide is in 
the soil, and the more likely the pesticide will be available for leaching 
processes. Microbial degradation generally occurs at a higher rate in 
the surface horizons (Bollag & Liu 1990) due to the greater amount of 
organic matter in these soil horizons. However, a recent study by Di et 
al. (2001) showed that the half-life of atrazine was 150 days in the 
subsoil and 250 days in the surface soil of a fine sandy loam. Cameron 
et al. (2002) also indicated that the rates of pesticide degradation in 
the subsoil layers 0 f the unsaturated soil zone could have a major 
impact on the potential for pesticides to reach the groundwater in 
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significant quantities. The same author summarised by saying that the 
ability to estimate the groundwater contamination potential is limited 
by the lack of information on subsoil degradation rates. 
2.6.3. Factors 
As the microbial community III the soil is the most important 
factor in terms of pesticide transformation and degradation, it is 
apparent that any alteration to soil conditions that benefit or harm the 
micro bial population will have an affect on the rate of pesticide 
degradation. Therefore, any increase or decrease in the availability of 
essential nutrients in the soil will increase or decrease microbial 
activity, which in turn, will increase or decrease the rate at which 
bacteria degrade pesticides. The concentration of these nutrients, 
carbon, nitrogen, phosphorus, and oxygen, must not be so high as to be 
toxic, or so low such that biodegradation dues not proceed due to lack 
of stimulation of the appropriate degradative enzymes and uptake 
mechanisms, or failure to stimulate sufficient enzyme activities 
(Aislabie & Lloyd-Jones 1995). 
Soil parameters such as temperature, moisture, pH, aeration and 
orgamc matter content also affect the microbial population and their 
activity. Pesticide molecules may bind strongly to soil organic matter, 
and the higher the organic matter content in the so il, the greater the 
pesticide sorption. This therefore reduces biological activity, which 
decreases the rate of pesticide degradation (Aislabie & Lloyd-Jones 
1995). The rate of degradation is accelerated when the above soil 
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conditions are optimum for stimulating microbial activity (Cameron et 
al. 2002). 
2.7. Computer Modelling 
Predicting the fate of pesticides that are released into the soil 
environment is important for reducing any potential adverse effects to 
the environment. Therefore, to understand what happens to a pesticide 
after application, and makes decisions regarding groundwater 
contamination and human health impacts, we must be able to estimate 
its behaviour m the environment. Simulation models have been 
developed for forecasting pesticide behaviour, with the information 
being used to assess agricultural and environmental problems. 
A range of physical, biological, and chemical processes 
determines the fate of pesticides in the soil environment. The processes 
recognized as the main factors in determining pesticide behaviour in 
soils comprise (i) degradation by soil microbes; (ii) chemical 
degradation; (iii) pesticide sorption onto mineral and organic surfaces 
m the soil; (iv) pesticide uptake by the plant root; (v) volatilisation 
loss; and (vi) dispersion of the pesticide due to the water flow during 
its movement through the unsaturated zone towards groundwater 
(Wagenet & Rao 1990). Soil scientists, chemists, hydrologists, and 
microbiologists study the rates and pathways of these processes in 
isolation. Simulation models attempt to combine these processes, and 
try to understand and forecast the interactions between them, and their 
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integrated impact on the environmental behaviour of pesticides 
(Wagenet & Rao 1990). 
Since the 1980' s, significant advances have been made in the use 
of computer models for pesticide behaviour simulation (Wagenet & 
Rao 1990). There have been a number of different approaches in recent 
years to describing pesticide movement in field soils. These proposed 
models vary widely in their conceptual approach and degree of 
complexity, and are strongly influenced by the environment, training, 
and preoccupations 0 f their developers (Addiscott & Wagenet 1985). 
The major uses for simulation models in soil-water-crop systems 
listed by Wagenet & Rao (1990) are firstly, to provide guidance for 
design of remedial measures for contaminated soils and groundwater 
and for control regulations for pesticide usage. Secondly, to be used as 
a tool for predicting the mobility and persistence in soils of pesticides 
that are currently under development, and thirdly, to assist farmers and 
growers in designing effective crop, soil, and chemical management 
strategies. 
Three approaches to modelling pesticide behaviour have been 
identified: research, management, and screening models. The type of 
model chosen by the modeller depends on their intended application. 
Research models were identified as generally intended to provide 
quantitative estimates of water flow and pesticide behaviour, but with 
comprehensive and often substantial data demands regarding the 
system to be simulated (Wagenet & Rao 1990). An example of a 
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research model IS LEACHM, or the Leaching Estimation And 
Chemistry Model (Hutson & Wagenet 1995). 
Management models, while less data-intensive, were identified 
as less quantitative in their ability to predict water flow and solute 
movement under transient field conditions. They were designed to 
consider the management options for pesticide application to soils. An 
example of a management model is PRZM, or the Pesticide Root Zone 
Model (Carsell et al. 1984). 
Screening models are very simple, analytical models used for 
companng pesticide behaviour under constrained and limited 
conditions, e.g. BAM, or Behaviour Assessment Model (Jury et al. 
1983). 
2.8. Conclusions 
Soil and groundwater contamination by pesticides from 
agricultural activities is a world-wide environmental problem. To 
better predict the potential for pesticide leaching and to minimise the 
potential for contamination of groundwater, knowledge 0 f pesticide and 
metabolite fate and transport through soils and into groundwater is 
essential. 
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CHAPTER THREE 
General Materials and Methods 
3.1 Soil characteristics 
The soils used for the degradation and sorption incubation 
experiments were a Te Awa silt loam (Umbric Dystrochrept, USDA soil 
taxonomy) and a Horotiu silt loam (Typic Hapludand, USDA soil 
taxonomy). The soil samples for the batch isotherm and degradation 
studies were taken from areas next to the experimental plots at both the 
Hamilton and Hawkes Bay sites (Close et at. 1999, 2003a 
respectively) . 
Horotiu soils are formed from silty/sandy alluvium derived from 
volcanic material and are extremely versatile soils, deep and well 
drained, and suitable for a wide variety of uses. The topsoil contains 
significant amounts of allophane, up to 12%. The soil profile depths 
and descriptions, along with selected soil chemical properties are given 
in Table 1. Rainfall data for use in the LEACHM simulation of the 
field data were obtained from Hamilton airport, less than 1 km away 
from the experimental site. 
The Te Awa silt loam is a recent alluvial soil with about 0.3 m 
silt loam overlying coarse sand and sandy gravels. Soil profile depths, 
descriptions, and organic carbon content are shown in Table 3.1. 
Rainfall data for use in the LEACHM simulation of the field data were 
obtained from the nearest meteorological station « 12km of the site). 
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Table 3.1. Soil chemical and physical characteristics for I-Iorol;" silt loam and Te Awa silt loalll 
(Taken from Close et al. 2003a, Close et al. 1999 respectively). 
Horizon De~th ~m} Desc ri~tion Organic C ~%} 
Rorotill 
Ap 0.00-0.20 Loamy s ilt 8.00 
Bwl 0 .20-0.40 Slight ly grave ly 1. 88 
loamy s ilt 
Bw2 0.40-0.53 Sligh tl y grave ly 0 .93 
loamy si lt 
Bw3 0.53-0.67 Sligh tl y grave ly 0.43 
loamy si lt 
B C I 0 .67- 1. 05 Slight ly grave ly 0.13 
loamy sand 
BC2 1. 05-\.28 Slight ly grave ly 0 .1 0 
cemen t ed loa my 
sand 
BC3 1. 28- 1. 56 Grave ly loamy 0.07 
sa nd 
C > 1. 56 Gravely sand 
Te AW(I 
Ap 0.00-0 . 17 Heavy s ilt loam 5.30 
ABgb 0.17 - 0 .3 0 Si lt loam I. 70 
Bg 0 .30-0.37 Sa nd y loam 0.60 
BC 0 .37-0.70 Coarse sand 0 .22 
CuI 0.70-0.79 Grave ly v. 0.08 
coarse sa nd 
Cu2 0.79- 1.00 Coarse sand 0.08 
2C 1.00- 1.60 Grave ly coarse 0.04 
sa nd 
3.2 Pesticides and metabolites 
Ana lytical grade c hemica ls (atrazine 98.1 %, simazine 98% purity) and 
the metabolites (DEA 99%, DIA 98.2% purity) were obtained from 
C hem. Service Pennsylvania , USA. 
3.3 Degradation experiment 
The aim of thi s experiment was to measure the microbial and 
chemical degradation of atrazine, simaz ine, and their two major 
metabolites , desethylatra z ine a nd desi so proylatrazine, in a Horotiu si lt 
loam a nd Te Awa si lt loam so il. A laboratory incubation exper im ent 
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was conducted over sixteen weeks. The experiment was monitored 
under the controlled conditions of soil moisture and temperature. The 
soil moisture was maintained at 80% of the soil field capacity (Horotiu 
field capacity: 54%, Close et ai. 2003, Te Awa field capacity: 42%, 
Close et ai. 1998). The soil treatments were kept in an incubator, 
where the temperature was maintained at 20°C. The incubator was 
opened 2-3 times weekly for a period of 1-2 hours to supply the 
treatments with fresh air. 
Atrazine, simazine, DE A, and DIA were applied at 51-lg active 
ingredient/g moist soil. This concentration IS greater than actual 
application rates to agricultural, pastoral and forestry soils, and was 
used to ensure that levels of pesticides and metabolites were at levels 
above the detection limit of 100ppb for soil samples when analysed. 
The application rate of 5l-lg/g moist soil was obtained by 
measunng out the appropriate quantity of pesticide or metabolite In 
separate volumetric flasks, which was then dissolved in between 5-
15ml of methanol. The volumetric flasks (50ml for the Horotiu soil and 
250ml for the Te Awa soil) were then topped up with deionised water. 
Five mls of the solution was then added to each of the Horotiu soil 
samples and 70ml was added to the Te Awa soil samples. This was the 
volume required for the appropriate chemical concentration, and to 
increase the water content to 80% field capacity. 
Five hundred grams of moist soil from both the Horotiu and Te 
Awa field sites (topsoil: 0-10cm) were placed into individual plastic 
containers with each chemical applied separately to the appropriate 
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container. The containers had a 1cm2 air-hole cut in the top of the lid. 
The experiment was conducted with triplicate soil samples. 
Initial soil moistures were determined prior to incubation via the 
gravimetric method, and were monitored and maintained weekly at 80% 
field capacity via the same method. The chemicals were initially added 
to the 500g soil samples with the water required to increase the soil 
moisture to 80% field capacity. The samples were incubated at 20 0 e 
and sampled on days 0, 7, 14, 28, 63, and 123. For each sampling day, 
a 40g sample was taken from the Te Awa soil containers and 30g from 
the Horotiu soil containers and placed in 100ml Schott bottles. The 
difference in sample weight between soils was because of the different 
bulk densities of each soil, and these differing amounts of soil sample 
gave approximately similar amounts of dry weight soil. A 109 sample 
was taken every week and analysed for soil moisture via the 
gravimetric method. 
The raw results were presented as pesticide concentrations in 
parts per billion (ppb) and were determined on the basis of a 50 g soil 
sample. The soil samples were approximately 35 g weight for the 
Horotiu silt loam, and 40 g for the Te Awa silt loam. The raw results 
needed to be converted from concentrations based on a 50 g sample, to 
concentrations based on the actual weight of each individual sample. 
Using the soil moisture analysis results from each corresponding 
sample, we were able to determine the final pesticide concentrations in 
Ilg g-l dry soil. 
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The pesticides were extracted from the soil sample usmg 50ml 
BDH AnalaR grade Ethyl Acetate. After mechanically shaking the 
sample, the resulting solvent extract was analysed by gas 
chromatography / mass spectrometry (GCMS), using spitless injection. 
3.4 Sorption experiment 
Atrazine, Slmazme, DEA, and DIA adsorption isotherms were 
determined for the two surface soils using the batch equilibrium 
procedure. Batch isotherm experiments were performed to measure the 
pesticide distribution coefficient (Kd) , and the sorption coefficient 
(Koc) of the four chemicals in the two soils. 
3.4.1 Initial batch equilibrium procedure 
Initially, seven solution concentrations (0.01, 0.05, 0.10, 0.50, 
1.00, 5.00, 10.00 mg L -I, plus a control) were prepared for each 
chemical in tap water and 0.01 M CaCho Tap water, which is sourced 
from the groundwater and is untreated in Christchurch, was used as the 
water source. Using water treated with chlorine could adversely affect 
the microbial population that influences pesticide sorption in the soil. 
As Christchurch groundwater is of low ionic strength (conductivity ~ 
15-20 mSm- I ), CaCh was added to improve settling. 
To produce a standard solution of 200ppm, 10 mg of each 
chemical was dissolved in 50 ml ethyl acetate. Aliquots were taken 
from the standard to make up the seven solution concentrations. 
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Fifty mls of solution was added to 25 g of soil in 100 ml Schott 
bottles in triplicate. The bottles were sealed with screw caps and 
placed in an orbital shaker for 90 minutes at 160 rpm. The samples 
were then centrifuged for 5 minutes at 3000 rpm. Thirty mls of the 
resulting supernatant was syringed into plastic vials, with 4 g sodium 
sulphate added to avoid emulsions forming in polluted samples and 5 
ml of ethyl acetate added as the extractant. 
3.4.2 Problems with initial batch isotherm procedure 
The results from the initial experiment were different from what 
was expected. The data showed very little sorption across all 
concentrations, and therefore very low distribution coefficients (Kd) 
were calculated; at least 10 - 20 times lower than expected. The 
problem was most likely due to ethyl acetate being used as both the 
organic solvent to dissolve the chemicals at the commencement of the 
experiment, and as the extractant at the end of the procedure. As ethyl 
acetate is immiscible in water, high pesticide concentrations would be 
found in the solution, and therefore higher final concentrations in the 
equilibrium solution. This would result in drastically lower than 
expected sorption coefficients. 
3.4.3 Modified batch isotherm procedure 
The batch isotherm procedure was repeated usmg six solution 
concentrations (0.01, 0.05, 0.10, 0.50, 1.00, 5.00 mg L- 1, plus a 
control). Methanol was used as the organic solvent for the repeat 
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procedure, instead of ethyl acetate , as methanol is miscible In water. 
Due to chemical quantity constraints the 10.00 mg L-I solution 
concentration was not able to be prepared, and so 40 ml of solution 
were added to 20 g of soil. The rest of the procedure was completed as 
above, with the exception being 20 ml of supernatant syringed into 
plastic vials , instead of 30ml. 
The amounts of chemical adsorbed onto the soil were determined 
by the difference between the initial and final concentration of the 
equilibrium solutions. The detection limit for the water samples was 20 
ppb. 
3.5 GCIMS Analysis 
The sample extract was analysed uSIng a Hewlett Packard 5890 
gas chromatograph equipped with a Hewlett Packard 5970 mass 
selective detector. A DB5-MS (95% methyl and 5% phenyl 
polysiloxane) capillary column (30m x 0.25mm i.d. , 0.25flm film 
thickness) was used with zero grade helium as the carrier gas. 
The injector temperature wa s set at 225 ° C and the transfer line 
temperature at 290° C. The temperature of the column was initially set 
at 100°C for 1.25 minutes. It was increased to 230 °C at a rate of 
15 °C/ min , then to 280°C at a rate of 25 °C/min where it was held for 
4.00 minutes. 
Selective Ion Monitoring (SIM) , and electron impact ionisation 
(EI) were used to detect the ions m /z 158 , 172 , 173, 187 from 7.00 
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minutes, and the ions m/z 186, 200, 215 from 8.20 minutes. The 
instrument was tuned daily using PFTBA (Perfluorotributylamine). 
Pesticides were quantitated using the following ions: 
Pesticide Quantitation ions m/z 
(mass/char~e ratio) 
Desisopropylatrazine 158 173 . '_ .. 
Desethylatrazine 187 172 
Simazine 186 200 
Atrazine 200 215 
3.6 Inverse Modelling: Field leaching experiments 
Pesticide leaching field trials have been conducted in five North 
Island sites as part of a nationwide assessment of pesticide behaviour 
in key New Zealand soils. Beginning in 1993, ESR, together with 
Landcare Research, examined pesticide leaching through soil and the 
unsaturated zone at sites in Northland, Hamilton, Hawkes Bay (two 
sites), and Manawatu. Field experiments began at two sites in the South 
Island (Nelson and Southland) in 2002. These seven sites cover the 
wide range of climatic conditions (temperature and rainfall) necessary 
to fully assess the behaviour 0 f pesticide leaching in New Zealand. 
The results from these field experiments have been reported 
previously (Close et al. 1998, 1999, 2003a), as have the results from 
the LEACHM, GLEAMS, and HYDRUS-2D simulations (Close et al. 
2003b). 
These same soils have also been used to study atrazine mineralisation 
(Sparling et al. 1998). 
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Table 3.2. Mean annual rainfaU and temperature for the ESR pesticide leaching field sites. 
Region Mean annual rainfall Mean annual 
(mm) temperatu re (DC) 
Nort hl and 1572 15.4 
Hamilton 1208 13.4 
Hawkes Bay 819 12.9 
Manawatu 11 02 13.0 
Ne lson 986 12.6 
So uthl and 1028 9.8 
The two soi ls chosen for the laboratory incubation s tudies , 
inverse modelling , and LEACHM s imulations were the Horotiu s ilt 
loam, situated in Hamilton , and the Te Awa si lt loam , situated in 
Ngatarawa, Hawkes Bay. These so il s were chosen because they had the 
most extensive data for atra z in e, s ima z ine, DIA , and DEA from the 
fie ld trials . Most of the ot her s it es had very little data, indi cating rapid 
pesticide degradation and leaching. 
3.6. 1 Parameter Estimation sim ulations 
The pesticide attenuation parameters (Koc and so il degradation 
rate or so il half life) we re opt imi sed to fit the observed data from the 
Ham ilton and Ngatarawa f ield trials using a non-linear parameter 
optimisatio n package ca ll ed PEST (]:arameter ESTimation ; Doherty 
1994). PEST is a mode l- independ e nt non-linear parameter estimator, 
characterised by a powerful optimisation a lgorithm and an ability to 
interface with any model through that model 's own input and output 
fi les , thus requiring no a lt erations to the model. PEST use s a re s idual 
s um of squares procedure to optim ise t he fit to the observed data . One 
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degradation rate was used for the topsoil horizon (O-O.2m) and a 
second degradation rate was used for the remainder of the profile. 
3.6.2 Preparation of PEST files 
The preparation for running the PEST model with LEACHM 
involves using three key input files: a template file, an instruction file, 
and a control file. However, before these PEST files can be created, the 
LEACHM input data file needs to be edited. The LEACHM input data 
file contains several sections which list the important information 
required to run LEACHM successfully. These sections describe time 
periods, pro file depth, soil physical properties, chemical data, and 
rainfall and irrigation amounts, amongst others. Once the information 
has been entered into the input data file, LEACHM can be run and a 
specific output file is produced. 
Template files 
To generate the template file for PEST, modifications are made 
to the LEACHM input data file (see Appendix for Te Awa simazine and 
DIA template file). The first line of the template file must read ptf #, 
where "ptf' stands for "PEST template file" and the character "#" is 
the parameter delimiter. Next, the parameters need to be identified in 
the input data file. The pesticide parameters that were being simulated 
are the sorption coefficient and the degradation rate of atrazine, 
simazine, DEA, and DIA. These were given the reference codes of # 
Koc # and # tr # respectively. The last modification required was to 
identify the days when an observation was made in the field 
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experiments, as these are the days when LEACHM needs to predict a 
pesticide concentration. These dates are entered into the template file 
so to indicate what days the output file needs a modelled observation. 
Once the template file has been prepared, a PEST utility program 
called TEMPCHEK can check for any errors to verify that the model 
will have no problems reading the input file. 
Instruction files 
PEST can only match the simulated output for times and depths 
for which there is available corresponding field data. For every model 
output file containing model-generated values, or observations, you 
must provide an instruction file containing the directions which PEST 
must fo llow in order to read that file (see Appendix for Te A wa 
simazine and DIA instruction file). 
The instruction file is prepared by initially identifying the date 
of a measured observation. PEST will then look for that date in the 
output file of LEACHM. The measured observation is a concentration 
of a pesticide at a certain depth, so you need to identify the position of 
that observation by first indicating to PEST the 'primary marker'. Once 
PEST has found the primary marker, the line the observation is on is 
indicated, and where across the column the observation is situated. 
Each subsequent observation on that date is also identified. For 
example: 
@DATE 02/02/94@ 
127 [S030-077]99:108 [1030-077]127:136 
11 [S040-077]99: 1 08 [1040-077] 127: 136 
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This entry indicates to PEST to run through the output file until 
it finds the primary marker 'DATE 02/02/94', where it will find the 
observation 27 lines down from that point and between 99 and 108 
characters across the page. This observation, a pesticide concentration, 
is given the unique identifier name of S030-077. This code is unique to 
a particular pesticide concentration measurement; in this case the 
measurement was for simazine at a depth of 3 Oem, 77 days after 
pesticide application. 
The first line of the instruction file must begin with the letters 
"pir', which stand for "PEST instruction file". After a single space, the 
parameter delimiter, #, must again follow. Like with the template file, 
the instruction files can be checked for errors using the utility program 
INSCHEK. 
Control files 
The last and most important of the input files is the PEST control 
file (see Appendix for Te Awa simazine and DIA PEST control file). 
The control file is prepared after the template and instruction files 
have been completed, and 'brings it all together'. 
PEST control files are generated by the PEST utility program 
PESTGEN. This program produces a PEST control file using the 
parameter and observation names referred to in the template and 
instruction files that have been previously constructed. These files 
provide PEST with the initial parameter values, the upper and lower 
parameter boundaries, and the field measurement observations. 
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The control file must begin with the letters "pcr', which stands 
for "PEST control file". As the name implies, the control file contains 
the data that controls, or commands the final outcome of the PEST 
output. The control file lists the parameters that are to be optimised, 
their initial value, and the upper and lower boundaries for that 
particular parameter. All of these data groups can be altered, e.g. the 
boundary conditions can be narrowed or expanded, and the initial 
parameter values can be increased or decreased. The parameters 
themselves can be nominated as 'fixed', 'tied', or 'none', where 'fixed' 
means that parameter takes no part in the optimisation process, 'tied' 
means that one parameter is linked to another parameter, and 'none' is 
the default setting for a parameter. 
Also listed in the PEST control file is the observation data. This 
IS the data that is listed in the instruction file, which is the measured 
data from the field experiments. Contained III the observation data is 
the weighting for each observation data point. Weights must be 
between 0.0 and 1.0, and are used where there IS an associated 
uncertainty III the measurement. For example, reliable measurements 
should be given a weighting of greater weight than those with an 
apparent amount of uncertainty. The weighting can also be used to give 
equal weight to each observation, rather than the size of each 
observation. 
The last section of the PEST control file supplies the commands 
for how PEST runs the model, and which input and output files to read. 
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Like the other input files, the PEST control file can be checked for 
errors and inconsistencies prior to PEST run by using the program 
PESTCHEK. This program will identify any syntax errors in the control 
file, as well as the template and instruction files. 
3.7 LEACHM simulations 
LEACHM (LEACHP is the pesticide module of the LEACHM model) is 
a mechanistically based model of water and solute movement and 
pesticide chemistry (Hutson and Wagenet 1995). It uses a finite 
difference approximation to solve the Richards' equation for water 
movement and the convection-dispersion equation for solute transport. 
The model must be supplied with a function to describe water retention 
and hydraulic conductivity. LEACHM uses a modification of 
Campbell's function, where the exponential function is replaced by a 
parabolic function at high potentials to give a better representation of 
water retention in real soils. A variety of pesticide transformations and 
adsorption processes can be simulated. The model has the ability to 
follow the transformation products of pesticides, and their subsequent 
degradation (Figure 3.1). The equilibrium linear isotherm was used for 
the simulations, because the variability in the observed concentration 
data did not justify using more complex descriptions of adsorption. The 
temperature was kept constant at the average soil temperature, and no 
soil moisture or temperature related adjustments were made to the 
various rate constants. A more detailed description of LEACHM can be 
found in Hutson and Wagenet (1995). 
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ADDITIONS 
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Figure 3.1. Pesticide partitioning, transport and transformation pathways in 
LEACBP (From LEACBM Manual). 
3.8 LEA CHM modellillg of field alld laboratory results 
Once the laboratory experiments and the inverse modelling were 
completed, and the resulting sets of sorption coefficients and 
degradation rates had been tabulated , th e LEACHM modelling of field 
and laboratory result s could commence. This involved runl11ng 
LEA C HM uSing two different series of pesticide parameters for each 
soil: 
I . The sorption coefficients and degradation rates from the 
laboratory incubation experiments, and 
2. The so rption coefficients and d eg radation rates from the Inv e rse 
modelling experiment. 
For this to happen , the LEA C HM input data file had to be edited 
with the correct parameter values (see Appendix for LEA CHM input 
data file). These parameters were determined by the me thods described 
in sections 3.3, 3.4 , and 3.6, which describe the method s for the 
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degradation incubation experiment, the batch isotherm experiment, and 
the PEST inverse modelling experiment, respectively. The rest of the 
soil and pesticide parameters in the LEACHM input file remained the 
same as when they were used by Close et al. (1999) and Close et al. 
(2003b) for the simulations involving the Te Awa and Horotiu soils 
respectively. 
The resulting output observations were then graphed against the 
field observations taken at both sites previously, along with the PEST-
optimised concentrations from the inverse modelling experiment. 
Tables 2 and 3 show the parameters used for the LEACHM simulations 
for both the Horotiu and Te Awa soils. 
Table3.3. Soil physical and chemical properties for LEACHM simulations for the Te Awa silt 
loam (Taken from Close et aL 1999). 
BD, bulk density; OC, organic carbon; a,b: Campbell's coefficients for water retention curve 
Layer Depth Clay Silt OC BD a b 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
(cm) (%) (%) (%) (g/cm3) (kPa) 
0-10 20 60 5.30 1.20 -1.160 
10-20 20 60 4.20 1.20 -1.160 
20-30 20 60 1.70 1.27 -1.160 
30-40 15 25 0.60 1.30 -1.160 
40-50 5 5 0.22 1.42 -0.865 
50-60 5 5 0.22 1.42 -0.865 
60-70 5 5 0.22 1.42 -0.865 
70-80 2 3 0.10 1. 84 -0.865 
90-100 5 5 0.10 1.84 -0.865 
100-110 5 5 0.10 1.84 -0.865 
110-120 2 3 0.06 2.30 -0.865 
120-130 2 3 0.06 2.30 -0.865 
8.135 
8.135 
8.135 
8.135 
1. 775 
1. 775 
1. 775 
1. 775 
1. 775 
1. 775 
1. 775 
1. 775 
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Table 3.4. Soil physical and chemical properties for LEACHM simulations for the Horotiu silt 
loam (taken from Close et at. 2003b). 
BD, bulk density; OC, organic carbon; a,b: Campbell's coefficients for water retention curve 
Layer Depth Clay Silt OC (%) BD a b 
(em) (%) (%) (g/em3) (kPa) 
0-10 20 33 8.00 0.98 -4.19 6.94 
2 10-20 20 33 8.00 0.98 -4.19 6.94 
3 20-30 19 17 1.88 0.87 -0.163 6.87 
4 30-40 19 17 1.88 0.87 -0.163 6.87 
5 40-50 11 13 0.93 1.03 -0.05 7.38 "- '"-' 
6 50-60 6.5 9.5 0.43 1.11 -0.01 7.38 
7 60-70 6.5 9.5 0.43 1.11 -0.01 8.25 
8 70-80 6.5 9.5 0.13 1. 11 -0.01 8.25 
9 80-90 6.5 9.5 0.13 1.11 -0.01 8.25 
10 90-100 6.5 9.5 0.13 1.11 -0.01 8.25 
11 100-110 6.5 9.5 0.10 1.03 -0.316 9.44 
12 110-120 6.5 9.5 0.10 1.03 -0.316 9.44 
13 120-130 6.5 9.5 0.10 1.03 -0.316 9.44 
14 130-140 6.5 9.5 0.07 1.03 -0.316 9.44 
15 140-150 6.5 9.5 0.07 1.03 -0.316 9.44 
16 150-160 6.5 9.5 0.07 1.03 -0.316 9.44 
17 160-170 6.5 9.5 0.08 1.46 -0.018 5.13 
18 170-180 6.5 9.5 0.08 1.46 -0.018 5.13 
19 180-190 6.5 9.5 0.08 1.46 -0.018 5.13 
20 190-200 6.5 9.5 0.08 1.46 -0.018 5.13 
21 200-210 6.5 9.5 0.08 1.46 -0.018 5.13 
22 210-220 6.5 9.5 0.08 1.46 -0.018 5.13 
23 220-230 6.5 9.5 0.08 1.46 -0.018 5.13 
24 230-240 6.5 9.5 0.08 1.46 -0.018 5.13 
25 240-250 6.5 9.5 0.08 1.46 -0.018 5.13 
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CHAPTER FOUR 
Degradation of Atrazine, Simazine and Metabolites in two 
New Zealand soils: An Incubation Study 
4.1 Introduction 
Degradation of organic pesticides is a dominantly biologically 
mediated process that usually results in the formation of intermediate 
transformation products, or metabolites. Desethylatrazine (DEA) and 
desisoproplyatrazine (DIA) are the two common metabolites of atrazine 
and simazine degradation. There have been numerous studies in New 
Zealand and abroad on the degradation, sorption and fate of atrazine 
and simazine in the soil environment (Kaufman & Kearney 1970, 
Adams & Thurman 1991, Baluch et ai. 1993, Seybold & Mersie 1996, 
Cogger et ai. 1998). However, little is known on the mobility and 
persistence of these two major metabolites in New Zealand soils. 
4.2 Aims and Objectives 
One of the aims of the thesis was to study the transformations of 
the triazine herbicides atrazine and simazine, and their metabolites 
DEA and DIA. This aim was tested by performing a degradation 
incubation experiment. The specific objective behind the degradation 
experiment was to determine the actual degradation rates, or half-life, 
of atrazine, simazine, DEA, and DIA in two soils. 
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4.3 Materials and Methods 
As previously described III the general materials and methods 
chapter (chapter 3), a sixteen-week laboratory incubation experiment 
was conducted to measure the microbial and chemical degradation of 
the triazine herbicides atrazine and Slmazme, and their major 
metabolites, DEA and DIA in two New Zealand soils. 
The two soils were spiked with the four treatments (ATR, SIM, 
DEA, DIA) at a concentration of 5 ~g/g moist soil. This level of 
concentration exceeds the common application concentration of 
pesticides in agriculture, but was used so the resulting pesticide and 
metabolite concentrations were at levels above the limit of detection, 
0.1 ~g/g. 
The soil moisture was maintained weekly at 80% of the soils 
field capacity after measurement by the gravimetric method. Samples 
of each treatment were taken from the soils on days 0, 7, 14, 28, 63, 
and 123 and analysed in the ESR laboratory, using gas chromatography 
- mass spectrometry (GC/MS). A more detailed description of the 
GC/MS analysis is in the Methods and Materials chapter. 
4.4 Results and Discussion 
Each soil sample was in triplicate, so we were able to determine 
the mean pesticide concentration for each sample time by averaging the 
three concentrations, and then graph each chemical. 
The concentrations of pesticides and metabolites for each soil 
were graphed against time (Figures 4.1 - 4.3). To determine the 
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degradation rates and half-lives of the pesticides and metabolites, the 
concentrations were transformed by natural logarithm (see chapter 2, 
section 2.5.2), and then plotted against time (Figures 4.4 - 4.6). The 
slope of the line is k, or the degradation constant. To determine the 
half-life, the following equation was used: 
t1/2 = O.693/k 
The half-lives of the pesticides and metabolites ranged from 20 
days to 37 days (See Table 4.1). The half-lives of the metabolites 
formed from the degradation of atrazine and simazine ranged from 45 
days to 83 days. The half-life for atrazine was 20 days in both the 
Horotiu and Te Awa soils, and the half-life for DE A, the major 
metabolite of atrazine, were virtually identical between the Horotiu and 
Te Awa soils, with 32 and 31 days respectively. 
Simazine was more persistent than atrazine and the metabolites, 
with half-lives of 32 days in the Horotiu soil and 37 days in the Te 
Awa soil. 
DIA showed the greatest difference between soils, with half-lives 
of 24 and 34 days for the Horotiu and Te Awa soils respectively. 
Low levels of the metabolites were detected in the atrazine and 
simazine treatment samples. As predicted, DEA was detected in the 
atrazine soil samples, but no traces of DIA were found above the 
detection limit in the atrazine samples. DIA was detected at low levels 
in the simazine soil samples. 
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Tuble 4.1: Degradation constunts (K), half-lives (M), determination coefficients (r') and P 
significance of Atrazine, Sirnazine, DEA and DIA in two soils. 
Chemical Soi l K ty" days r2 P significance Half-life 
literature 
values {dal:s2 
Atrazine Horotiu 0.0349 20 0.95 0.001 18-173' 
TeAwa 0.0339 20 0.97 0.000 
Simazine Horotiu 0.0220 32 0.99 0.001 26-186' 
TeAwa 0.0187 37 0.85 0.437 
DEA Horotiu 0.0213 32 0.93 0.002 19-54 
TeAwa 0.0222 31 0.99 0.000 
DIA Horotiu 0.0285 24 0.97 0.00 1 17' 
TeAwa 0.0203 34 0.9 1 0.003 
DEAl Horotiu 0.0155 45 0.91 0. 197 
TeAwa 0.0122 57 0.81 0.29 1 
DlAz Horotiu 0.0083 83 0.88 0.223 
Te Awa na na na na 
1 From Atrazine metabolism (measurement of net degradation, as transformation and degradation 
processes occurring simultaneously; absolute degradation wi ll be greater) 
From Simazine metabolism (measurement of net degradation , as transformation and degradation 
processes occurring simultaneously; absolute degradation wi ll be greater) 
, United States Department of Agriculture hup://www.arsusda .gov/acsl/services/ppdb 
b Baluch et al. 1993 
, Wink elmanll & Klain e 199 1 
These metabolites s ho wed initial s igns of accumulation , from the 
d eg radation of atrazine and s tma z tne , peaking at approximately da y 28 
in the Horotiu so il and day 63 in the Te Awa soil (see Figure 4 .3). 
After th ese da ys, th e concentration of the metabo lit es decreased . It is 
from the final three point s on Figures 4 .3 th a t the degradation 
constants and half-lives were det e rmin e d us ing the sa me method as 
b efo re (Figure 4.6) . The re s ult was a half- life of 45 d ays fo r D EA tn 
the Horotiu so il and 57 days in the Te Awa so il. DIA had a half- life of 
83 days in th e Horotiu so il, while in the Te Awa soi l, DIA accumulated 
over the entire 16 -wee k experiment, and therefore no degradation wa s 
detected. These half- lives are greater than the ha lf-li ves of the 
metabolites in the D EA- and DIA-s piked trea tment s, indicating a 
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Figure 4.1. Concentration of atrazine and simazine in a degradation incubation study in the Horotiu 
and Te Awa soils. 
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Figure 4.2. Concentration of desethylatrazine and desisopropylatrazine in a degradation incubation 
study in the Horotiu and Te Awa soils. 
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Figure 4.3. Concentration of DEA (from atrazine transformation) and DIA (from simazine 
transformation in a degradation incubation study in the Horotiu and Te Awa soils . 
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slower degradation rate. This would be due to metabolite production 
and degradation processes occurring simultaneously in the atrazine and 
SlmaZllle soil samples, therefore the longer half-lives are a 
measurement of net degradation, and not actual degradation of the 
metabolites. 
The half-lives for the pesticides and metabolites compared 
favourably with previous studies. Reported half-lives for simazine have 
varied from 25 and 32 days in a silt loam (4.6% organic carbon) and a 
sandy loam (9.4% organic carbon) respectively (Rahman & Holland 
1985), 28 days in a sandy soil with 0.53 % organic carbon (Kookana et 
ai. 1995), to 128 days in a sandy 10 am with 1. 5% organic carbon 
(Cogger et ai. 1998). 
Previously reported atrazine half-lives range from 30 days to 56 
days. In a study by Kruger et ai. (1997) looking at atrazine degradation 
as affected by soil moisture, the half-lives in a sandy clay loam soil 
with 2.6% organic matter content were 50 days and 30 days, under 
saturated and unsaturated soil conditions, respectively. Qiao et ai. 
(1996) took a different approach and studied the difference in atrazine 
degradation between autoc1aved and unautoclaved soils. The reported 
half-lives for a silty loam soil with 2.2% organic matter content were 
39 days in the unautoclaved soil, and 56 days in the autoclaved soil. 
Two other studies list the atrazine half-lives as 37 and 41 days (Jenks 
et ai. 1998, Kruger et ai. 1993). 
Studies on both metabolites have seen reported half-lives ranging 
from 17 days to 41 days. There have been few studies completed where 
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the atrazine metabolites were determined as well as atrazine. One of 
those studies was by Kruger et al. (1997), where DEA half-life, m a 
sandy clay loam with 2.6% O.M, was reported as 33 days in saturated 
soil conditions, and 20 in unsaturated soil conditions. Baluch et al. 
(1993) determined half-lives for DEA of 33 days in a loam soil (3.6% 
O.M), and 41 days in a silty clay loam (2.8% O.M). A study by 
Winkelmann & Klaine (1991) of atrazine metabolite degradation in 
sterilised silt 10 am soil microcosms determined DEA half-life as 26 
days, and 17 days for DIA. Kruger et al. (1993) reported a half-life of 
32 days for DIA in a sandy clay loam soil with 2.7% O.M. 
4.5 Conclusions 
The order of decreasing degradation was atrazine > DIA > 
simazine = DEA in the Horotiu soil, and atrazine > DEA > DIA > 
Slmazme in the Te Awa soil. All four pesticides and metabolites were 
very well described by log-transformed first-order rate equations (p 
significance range: 0.003 - 0.000, r2 range: 0.91 - 0.99), except for 
simazine degradation in the Te Awa soil (p = 0.437, r2 = 0.85). Lower 
degradation rates were detected in the metabolites that accumulated 
from atrazine and simazine degradation, and this is most likely due to 
simultaneous accumulation and degradation processes. 
The degradation constants and the half-lives of atrazine, 
simazine, DEA, and DIA are similar, but slightly lower, than the values 
of those in the literature, indicating more rapid degradation. The 
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orgalllc carbon contents of the Horotiu and Te Awa soils (7.3% and 
2.17% respectively) are generally higher than those from the literature. 
The Horotiu and Te Awa soils used in the degradation 
experiment were not intact field soils and were therefore not sterilised 
before being spiked with the pesticides and metabolites, and all soil 
samples were unsaturated. These soil treatments were therefore not 
representative of field soils, but are typical of conditions for most 
laboratory based degradation studies. 
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CHAPTER FIVE 
Sorption of Atrazine, Simazine and Metabolites in two New 
Zealand soils: A Batch isotherm Study. 
5.1 Introduction 
For most pesticides, the distribution between the solid and liquid 
phases of soil is one of the most critical factors in determining the 
potential mobility of the pesticide in the soil environment. Adsorption 
studies not only assist in predicting the extent of leaching and 
redistribution 0 f herbicides, but also help quantify the amount 0 f 
herbicide required for effective weed control in soils (Magesan et al. 
2003). Adsorption of pesticides to the soil solid phase can assist in 
decreasing the potential for contamination of surface water and 
groundwater, as the pesticide compounds are retained in the soil. 
However, the pesticide is less likely to be involved in any degradation, 
or detoxification processes, which might make the pesticide less of a 
risk to the surface waters or groundwater. 
There have been many studies that have looked at the sorption of 
atrazine and simazine, and their metabolites desethylatrazine and 
desisopropylatrazine (Baskaran et al. 1996, Seybold & Mersie 1996, 
Jenks et al. 1998, Garcia-Valcarcel & Tadeo 1999, Magesan et al. 
2003), but little is known on the sorption parameters of the metabolites 
in New Zealand soils. 
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5.2 Aims and Objectives 
One of the aims of the thesis was to study the mobility of the 
triazine herbicides atrazine and simazine, and their metabolites DEA 
and DIA. This aim was tested by performing a batch isotherm 
experiment. The specific objective behind the sorption experiment was 
to determine the actual sorption coefficients of atrazine, SlmaZllle, 
DEA, and DIA in two soils. 
5.3 Materials and Methods 
As was previously mentioned III the Materials and Methods 
chapter (chapter 3), a batch isotherm experiment was conducted to 
measure the pesticide distribution coefficients (Kd) and the sorption 
coefficients (Koc) of the triazine herbicides atrazine, simazine, and 
their major metabolites, DEA and DIA, in the Horotiu and Te Awa silt 
loam soils. 
As explained III the Materials and Methods chapter, the initial 
experiment used ethyl acetate as the organic solvent, but this caused 
problems as ethyl acetate is immiscible in water and therefore lead to 
unusually high final concentrations 0 f pesticides in the equilibrium 
solution after the incubation period. Therefore, the batch isotherm 
experiment was repeated, this time using methanol as the organic 
solvent. Methanol is miscible in water, and none of the problems 
encountered in the initial procedure were experienced in the repeat 
procedure. 
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A d et a il ed de scrip t io n of the initi a l a nd mo di fied ba tc h iso th e r m 
procedures , a nd the GC/ M S ana lys is of the wa t er sa mpl es are in t he 
Mate ri a ls and Metho d s c hapt e r. 
To d etermine the pes ti c id e di s tributi o n coeff ic ie nts a nd so rpti o n 
coe ffi c ient s, ad so rptio n iso th e rm s fo r ea ch o f the pes ti c id es a nd 
meta bo lit es need ed t o be co ns tru c ted . T hese adso rpti o n iso th e rm s were 
ca lc ul at ed b y us in g th e log fo rm of t he Fr e undli c h equ atio n: 
log (x / m) = log ( Kr) + (I/n) log Ceq 
w here x/ m is th e c he mi ca l so rb ed in ).l g pe r g so il , Ceq is t he so luti o n 
co nce ntratio n a t equilibrium , Kr is t he adso rptio n co ns ta nt , a nd l i n is 
th e s lo pe. When l i n = I , th e Kr va lu e beco mes a di stributi o n 
coe ffici e nt o r th e Kd va lu e ( Llkg). 
Ad so rptio n di stributi o n coefficie nt s (Kd) were ca lc ul at ed by 
divi d ing t he ad so rb ed co nce nt ra ti o n by th e so lutio n co nce ntra tio n: 
Kd = (x / m) /Ceq 
5.4 Results and Discussion 
T he raw res ult s fro m th e GC / MS a na lys is of th e initi a l bat c h 
iso th e rm procedure indi cat ed th at a re peat procedure was necessa ry. 
Fo r exa mp le , th e co ncentra ti o ns of th e 5 ppm tripli ca t e s t a nd ard s for 
D EA fo r th e Ho ro tiu so il , w hi c h were no t add ed to a ny so il sa mpl es , 
ra nged f ro m 47 1 ppb to 3.6 pp m, w h ile the 5 ppm st a ndards for 
s im az in e ra nged fro m 489 ppb to 837 ppb . T he three sta nd a rd s p repa red 
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Table 5.1. Summary of original batch isotherm results. Note: these values are not 
the fmal correct sorption parameters. 
Pest ic id e Soil n Kr Kroc 
a r2 
Atraz in e Ho rotiu 1.924 0.301 4.12 0.95 
Te Awa 0.955 1.200 55 .3 0 0.98 
S imaz in e Horo tiu 1.947 0.567 7 .77 0 .95 
Te Awa 0.881 0 .980 45.16 0.99 
DEA Horo tiu 2.037 0 .262 3.59 0.99 
Te Awa 0.842 0.602 27 .74 0.87 
DIA Horotiu 0 .60 1 0.952 13 .04 0 .58 
Te Awa 0.891 0.890 41.01 0.95 
:i K foc based o n organic ca rb on co nt ent of7.30% for Horatlu and 2. 17% for Te Awa. 
(5 ppm, 500 ppb , 50 ppb) were very importa nt in d etermi nin g th e act ual 
co nce ntrat io ns of the so lutions added to the so il samp les , a nd therefore 
with s uch doubt and un certaint y invo lved with the so lution 
concentrations, it was ve ry diffi c ult to accurate ly determine any 
parameters for the pest ic id es and metabolites . However, w ith th e 
o rig in a l equilibrium so lutio n concentra t io ns, the Fre undli c h pesticide 
di s tribution coeffic ie nt s (Kr) a nd the distribution coeffici en t corrected 
for o rga nic ca rb o n co nt ent (Krod cou ld b e determined (Table 5. I). Both 
th e Kr and Kroc va lues were mu c h lower than expected in both so il s a nd 
for a ll four c hemi ca ls, with t he Kroc va lu es in t he Ho rotiu so il at least 
10 - 20 times lower than lit erat ure va lue s. T he so rp t io n coefficient s fo r 
the Te Awa so il were between 2-5 time s lower than lit e rature va lues. 
The n values for atrazine, s im az in e, a nd DEA in the Horotiu so il 
in Table 5 . 1 indi cate that a t hi g h so luti o n co nce ntrat io ns, 
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Table 5.2. Summary of Batch Isotherm Results for Horotiu Silt Loam. 
Freundlich Isotherm Linear Kd Regress io n 
Pesticide # point s n K, K roc 
, 
r ' # po int s Kd K" 
, 
r ' 
Atrazine 5 0 .85 3.38 46 0.99 5 3.96 54 0.99 
S imazine 5 0.85 3.59 49 0 .99 5 4 .90 67 0.96 
OEA 5 0.80 I. 70 23 0.99 5 1.97 27 0.99 
OIA 5 0.68 2.13 29 0.99 5 3.03 42 0.99 
a K foc and Koc based o n organic carbon conte nt of 7 .3%. 
Table 5.3. Summary of Batch Isotherm Results for Te Awa Silt Loam. 
Freundlich Isotherm Linear Kd Regression 
Pesticide # p oi nt s n K, K foc 
, r ' # points Kd K. o , r ' 
Atrazine 5 0.98 I. 17 54 0.99 5 I. I 3 52 0.99 
Simazine 5 0.97 1.43 66 0.99 5 1.46 67 0.99 
OEA 6 0.94 0.69 32 0.99 6 0 .70 32 0 .99 
OrA 5 0.94 1.22 56 0.99 5 I. 3 I 60 0.99 
, 
K foc and Ko c ba sed o n organic carbo n co ntent of 2 . 17% . 
pesticide sorption is greater than at low so lution concentrations. 
In mo st cases however , the opposite is true , with the adsorption 
iso therm usually a curvilinear s hap e indicating that th e so rbed quantity 
increases rapidly as concentration is increased at low co ncentrations, 
and so rption approaches a ma x imum slowly at high solution 
concentrations. The n va lu es for atrazine, si ma z ine, and O EA are all 
close to n = 2, where as the common range for n is between 0.75 and 
0.95 (Green & Karickhoff 1990) , with n signifying a linear 
di stribution. This is probably due to the variable input concentrations 
as di scussed earlier. 
The results from the mo d ified procedure were much more 
indicative of pe sticide and metabolite so rption . Both the freundlich 
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pesticide distribution coefficients (K f ) and the linear pesticide 
distribution coefficients (Kd) could be determined, and their 
distribution coefficients corrected for organic carbon (Kfoc and Koc 
respectively). The Kd, K oc , Kf, and Kfoc values for the Horotiu and Te 
Awa soils are reported in Tables 5.2 and 5.3 respectively. 
The sorption coefficients (Koc) from both methods were still 
lower than expected. Ranging from 23 to 67 for the Horotiu soil and 
from 32 to 67 for the Te Awa soil, the Kfoc and Koc values were still 
about 2 - 3 times lower than literature sorption coefficients. This is 
most likely due to the length of the incubation period during the 
experiment. Once the pesticide solutions were added to the soil 
samples, they were hand-shaken for 2 minutes and placed on an orbital 
shaker for 90 minutes at 160 rpm. The most common batch isotherm 
procedure involves the soil and pesticide solutions being placed in a 
shaker for 24 hours (Papiernik et ai. 2002). A 24 hour incubation 
period was used by Jenks et ai. (1998) and Seybold & Mersie (1996) in 
determining atrazine and met abo lite sorption, while Garcia- Valcarcel & 
Tadeo (1999) used a 48 hour incubation period to determine simazine 
sorption. However, Baskaran et ai. (1996) used a 4-hour incubation 
period while determining atrazine sorption in 10 different soil series, 
one of which was the Horotiu soil. Their results were very similar to 
this study, with the Freundlich sorption coefficients Kf and n, and the 
linear distribution coefficients Kd and Koc they observed (Kf = 3.68, n 
= 0.95, 
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Kd = 3.19, Koc = 55), compared to (3.38, 0.85, 3.96, 54 respectively) 
observed during this study. Baskaran et al. (1996) also state that 
preliminary experiments showed that more than 90% of the sorption 
occurs within the first 2 hours. 
Previous studies have indicated that the organIC carbon 
distribution coefficients (Koc) for atrazine have ranged from 140 to 234 
L kg C- 1 (Seybold & Mersie 1996) to 100 (Wauchope et al. 1992). The 
Koc for simazine have previously been determined at 130, by Wauchope 
et al. (1992) and 46, by Garcia-Valcarcel & Tadeo (1999). Seybold & 
Mersie (1996) determined sorption coefficients for DEA and DIA of 
between 80-110 and 128-130, respectively. 
More important in assessing pesticide sorption is the distribution 
coefficients (Kd), as the adsorption isotherms (Figures 5.1 and 5.2) for 
all four chemicals were almost linear, particularly in the Te Awa soil, 
where the n value was between 0.94 and 0.98. The Kd values (Table 5.2 
and 5.3) indicate that pesticide sorption followed the order: simazine > 
atrazine > DIA > DEA for the Horotiu soil, and simazine > DIA > 
atrazine > DEA for the Te Awa soil, and the Kd values indicate there 
was more pesticide sorption to the Horotiu soil than to the Te Awa soil. 
The difference in adsorption between the soils may be attributed to the 
difference in the amount and nature of organic matter and clay minerals 
(Magesan et al. 2003), and any pesticide sorption is expected to be 
similar between soils when they have similar clay content and organic 
matter. The higher pesticide sorption can be attributed to the presence 
of greater amounts of organic carbon in the Horotiu (7.30 %) compared 
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to the Te Awa soil (2.17%). The Horotiu soil also has significant 
amounts of allophane present throughout the soil profile, with 12% III 
the topsoil. Baskaran et ai. (1996) found that oxalate-extractable Fe, as 
well as organic carbon correlated significantly with reported Kd values. 
As discussed by Close et ai. (2003 a), allophane is expected to adsorb 
weak acids slightly more than would be expected from the organic 
matter content alone, and this was found to be accurate, as two weak 
acids, tric10pyr and pic1oram, had Koc values 1.6 - 7.1 times higher 
than 'best available' literature values. Therefore, it can be assumed 
that there is less adsorption of weakly basic pesticides, such as atrazine 
and simazine, in allophanic soils than can be expected from organic 
matter content alone, and this is probably one of the reasons for the 
lower than expected Koc values for the Horotiu soil. 
5.5 Conclusions 
Atrazine, simazine, DE A, and DIA adsorption was very well 
described by both the Freundlich equation (r2 = 0.99), and by the linear 
equation (r2 > 0.96) for both soils. 
The sorption coefficients Kd and Koc were lower than in previous 
studies, and this is most likely due to the length of pesticide 
incubation. However, the sorption' coefficients correlated well with 
studies that used similar incubation periods. 
The distribution coefficients Kf and Kd were not significantly 
different to each other for each chemical, but were different across 
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both soils. However, the Kfoc and Koc values were not significantly 
different across both soils, and the four chemicals. 
There was more pesticide and metabolite sorption to the 
allophanic and high orgamc C content Horotiu soil than to the non-
allophanic, low organic C Te Awa soil. 
These sorption coefficients place atrazine, simazine, and DIA in 
the high mobile class and DEA in the very highly mobile class, 
indicating that DEA may have a greater tendency to leach than 
atrazine. 
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CHAPTER SIX 
Inverse Modelling of ESR Field Trial Results with PEST 
6.1 Introduction 
The ESR and Landcare Research field leaching trials at Hamilton 
and Ngatarawa generated approximately two years of data from each 
site (797 days at the Te Awa site, 702 at the Horotiu site). 
Eight samplers were used to collect soil water samples for 
analysis. They were placed at six different depths in the soil profile, at 
(30, 40, 50, 70, 85, 110cm) in the Te Awa soil, while 9 samplers were 
used in the Horotiu soil, also at six different depths (20, 50, 65, 100, 
150, 250cm). Soil samples were also taken from the Horotiu site at the 
soil depths of 10, 20, 30, 40, and 50cm. A more detailed description of 
the Te Awa and Horotiu field experiments can be found in Close et al. 
(1998) and (2003a) respectively. 
There were 67 total observations, of concentrations greater than 
the detection limit, at the Horotiu site; 12 soil samples for atrazine, 11 
soil water samples for atrazine, and 44 soil water samples for DEA. At 
the Ngatarawa site there were 307 total observations, all of which were 
soil water samples; 79, 72, 81, and 75 for atrazine, simazine, DEA, and 
DIA, respectively. 
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6.2 Aims and Objectives 
The specific aim and objective of the inverse modelling was to 
estimate the best-fit pesticide sorption coefficients and soil 
degradation rates for atrazine, simazine, DEA, and DIA in the Te Awa 
and Horotiu soils from the observed field data. This was achieved by 
using the parameter optimisation package PEST in conjunction with the 
LEACHM model. PEST (Parameter ESTimation) allows the user to 
interface with any model (i.e. LEACHM) through that model's own 
input and output files. 
6.3 Materials and Methods 
As previously mentioned in the methods and materials chapter, 
the inverse modelling of the field trial data involves using the 
parameter estimation program PEST in conjunction with LEACHM. As 
LEACHM can only be used to follow one transformation product, two 
separate PEST runs were required for the Te Awa silt loam. The two 
separate runs required template, instruction, and control files to be 
produced for atrazine and DEA, and another set of files for simazine 
and DIA. Although DIA could also corne from atrazine, it was assumed 
that all the DIA carne from simazine. This is reasonable, as indicated in 
the Horotiu field trial results, (Close et at. 1999) when atrazine was 
applied to the Horotiu soil and not simazine, there were no detections 
of DIA by the samplers over the whole experimental time period. In the 
N gatarawa field trial, where both simazine and atrazine pesticides were 
applied to the Te Awa soil, DEA and DIA were both detected in the 
68 
... ~ : ~ , 
soil at varIOUS depths in the soil profile. It was assumed in the model 
that there is only one source that the transformation product can come 
from, i.e. DIA is the transformation product of simazine, and DEA is 
the transformation product of atrazine. As simazine was not applied to 
the Horotiu soil, the parameter estimation program PEST was not run 
for Slmazme and DIA. As no detections of DIA were observed in the 
Horotiu soil, this supports the assumption that DEA only was formed 
from atrazine, and DIA was formed only from simazine, in the Te Awa 
soil. 
6.4 Results and Discussion 
To ensure that the best fit parameters describing the sorption and 
degradation rates 0 f atrazine, simazine, DEA, and DIA, were located at 
the true minimum 0 f the S S surface and not at a 10 cal minima, the 
parameter estimation model PEST was run numerous times, each time 
using a different series 0 f initial values for each parameter. The 
resulting output concentrations from LEACHM were then graphed and 
compared to the measured field concentrations. From the comparison, a 
decision was made regarding the applicability of the initial parameter 
values i. e. whether the degradation rate or sorption coefficient needed 
to be increased or decreased, or if the weighting of a measured value 
needed to be altered. To encourage model convergence, the initial 
parameters were then changed to compensate for any differences 
between the measured and simulated concentrations, and PEST was run 
agam. 
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Table 6.1. Summary of best-fit Koc (mg/L) and degradation rate constants (daY-'), and 95% C. I, 
from PEST sinll~ations for Horotiu and Te Awa observed field data. Note: no simazine was 
applied to tbe Horotiu soil, and therefore no DIA was detected. The attributes shaded and in bold 
indicate attributes with which we had a high level of confidence. 
Soil Attr ibu te Optimised 
value 
Horotui K oc - Atra z ine 913.67 
K oc - DEA 9.46 
Deg rate-Atr «20cm) 0.0175 
Deg rate-Atr (>20c m) 0.00009 
Deg rate-DEA «20cm) 0.2078 
___ --...;;;,Deg rate-DEA -1.> 20c!!!.l 0.0016 
Te Awa fKo - Atrazine 41.79 
K oc - DEA 42.48 
Deg rate-Atr «20cm) 0.00823 
Deg rate-Atr (>20cm.~ ... __ 0.003.~3 ... 1__ 
Deg rate-DEA «20cm) 0.527 
--=----:-_-,. Deg rate-DEA {.;:.20cm 0.00929 
Te Awa r Koc - Simazine 74.13 
K oc - DIA 58.07 
Deg rate-Sim «20cm) 0.0063 
Deg rate-Slm >20cm 0.0081 
Deg rate- DI A «20cm) 0.8086 
Deg rate-DIA (>20c m) 0.0229 
95% C.I 
562 .6- 1264.9 
- 10.9-29 .9 
0.0174-0.0176 
-0.47 1-0 .886 
-0 .0 122-0.0 154 
39.3-45.3 
-26 .7- 111. 7 
0.0065-0.0099 
0.0014-0.0052 
-2.37-3.43 
-0.00 16-0 .02016 
65.8-82.5 
-32.5-148.7 
0.0049-0.0076 
0.0046-0.0116 
-20.3-21 .9 
-0.0808-0.0539 
If the multiple PEST runs with different initial conditions resulted in 
s imil ar va lu es for the sorpt ion and degradation parameters , then this 
indicated that the estimates were robust. 
The fina l best-fit pesticide degradation and sorption parameters 
are li sted in Table 6. 1, a lo ng with the 95% confidence interval that is 
provided by the PEST si mul at ion. The graphica l representation of the 
PEST-simulated co nce ntrations and the observed field concentrations 
are shown in Figures 6. 1 - 6.4 for the Te Awa soil , and Figures 6 .5 -
6.6 for t he Ho ro tiu soil. 
As indicated in Table 6 .1 , only a few of the pesticide parameters 
could be estimated with any degree of confidence . Even though the 
Horoti u fie ld trial on ly had 67 observations, the degradation rate 
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constant of atrazine for the topsoil was very accurately 
estimated. However, estimates for the sorption coefficients for atrazine 
or DEA, and for the degradation rates of DEA were much less accurate. 
The sorption coefficients for atrazine and simazine were estimated 
accurately in the Te Awa soil, as were their topsoil degradation rates. 
There were far more data points for the Te Awa soil (over 300 positive 
detections), so we can have a greater deal of confidence with the 
optimised values. 
The optimised values for DEA in the Horotiu soil are based 
dominantly on the similarity between the measured and the optimised 
concentrations at 150cm, and to a lesser extent at 65 cm, soil depths 
(Figure 6.5). At those depths, LEACHM accurately predicted the 
distribution of DEA in the soil water, except for the large increase in 
concentration between days 100 and 200, at the 65 cm depth. DEA 
distribution was slightly overestimated at 50cm depth, and slightly 
underestimated at 250cm. The concentration of atrazine in the soil 
samples was slightly overestimated at 10cm, and underestimated at 
20cm (Figure 6.6). 
The optimised sorption and degradation values for the Horotiu 
soil, along with the 95% confidence intervals, are shown in Table 6.1. 
The extremely high Koc for atrazine and the extremely low Koc· for 
DEA, and the measured versus optimised graphs indicate that the data 
was not adequate to provide good results with a high level 0 f 
confidence. There were only a few positive detections of atrazine at the 
Horotiu site (12 soil samples, 11 soil water samples), and the 
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optimisation was dominated by the initial observation of 5090 ppb In 
the 0-10 cm sample. The optimised value for atrazine degradation In 
the topsoil (0.0175 - tl l2 : 40 days) is in the range of reported half-lives 
in the literature (see Chapter 4 Discuss ion). The optimised degradation 
rates for atrazine in the subsoil , and DEA in the topsoil and subsoil, 
equate to half-lives of 7700 days , 3 .3 days , and 433 days respectively. 
The optimised half-life of 3.3 days for DEA in the topsoil indicates a 
degradation rate approximately ten times quicker than literature values. 
The probable main reason for the over- and underestimated 
simulated atrazine and DEA concentrations, and the high and low 
optimised K oc values for atrazine and DEA respectively, is the lack of 
observations in the Horotiu soil. As mentioned in the introduction there 
were only 67 total observations over the 702 day experiment. Two-
thirds of the total observations were DEA water samples, and this 
might explain the similarities between the observed and simulated 
concentrations at 65 cm and 150 cm. 
The optimised K oc values for atrazine and Slma Zllle In the Te 
Awa soil were 42 mllg and 74 mllg respectively, and were very similar 
to the K oc values determined by Close et al. (1999), where the values 
were 59.7 and 82.6 re spectively . This difference ca n b e attributed to 
the metabolite link within LEACHM , as atrazine transformation was 
linked to DEA appearance, and simazine transformation was l inked to 
DIA appearance . The similarities extend to the optimised degradation 
rates , where Close ef al. (1999) found the half-life of atrazine to be 79 
days in the topsoil and 266 days in the subsoil, whereas atrazine had a 
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half-life 0 f 84 days in the topsoil, and 209 days in the subsoil in this 
study. Similarly, the optimised Koc values for simazine were 110 days 
in the topsoil and 86 days in the subsoil, and 72 days and 71 days, 
determined by Close et al. (1999). 
The optimised Koc values for the metabolites were 42 for DEA 
and 58 for DIA, which were comparable to the sorption coefficients 32 
and 60 for DEA and DIA respectively, determined by a batch isotherm 
experiment in chapter five (Table 5.3). The degradation rates optimised 
by PEST determined the half-lives of DEA and DIA to be 1.3 days and 
1.0 days respectively for the topsoil, and 75 days and 30 days 
respectively in the subsoil. 
There was a very close correlation between the observed and 
simulated data for atrazine and DEA from the soil depths 0 f 30 cm 
down to 70 cm, with the exception of atrazine at 50 cm where the 
concentration was underestimated (Figures 6.1 - 6.2). At 85 cm depth, 
the concentration of atrazine and DEA were initially overestimated, 
then underestimated after day 500. At the soil depth of 110 cm, both 
atrazine and DEA were overestimated. 
There was a similar correlation between observed and simulated 
data for simazine and DIA at 30 cm and 40 cm, but at 50 cm the 
simulated data was underestimated, while at 70 cm and 85 cm the 
predicted concentration was extremely overestimated. At the 70 cm 
depth, the predicted concentration had a large peak at approximately 
day 300 for both simazine and DIA. However, this peak was 
approximately 20 times greater than the measured concentration at that 
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time. From 70 cm depth down, the predicted concentrations showed 
little correlation to the measured simazine and DIA levels. 
6.5 Conclusions 
Simulations using LEACHM, in association with the optimisation 
package PEST, were used to estimate soil sorption coefficients and 
degradation rates for the pesticides atrazine and simazine, and their 
metabolites DEA and DIA, from the field leaching experiments at two 
sites. 
The low number of observations taken during the field 
experiment meant a lack of accuracy in the estimates for the Horotiu 
soil. The Koc for atrazine in the Horotiu soil was far greater than the 
laboratory-derived values, and the literature values listed in chapter 
four, indicating very low mobility. DEA Koc was very low in 
comparison to the lab results, and literature values. The degradation 
rate for atrazine III the topsoil was similar to the lab-derived 
degradation rate, but the degradation rates of DEA in the topsoil, and 
both atrazine and DEA in the subsoil were extremely different to the 
expected rates. The Koc for all four pesticides and metabolites in the Te 
Awa soil were very similar to the laboratory-derived results, and were 
also comparable to the Koc values obtained by Close et ai. (1999).· The 
degradation rates for atrazine and simazine were also similar to the 
rates determined by Close et ai. (1999). Overall, the degradation rates 
decreased from the topsoil to the subsoil, except for simazine, where 
persistence was slightly increased III the subsoil. The triazine 
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metabolites were less persistent III the topsoil than their parent 
compounds. The estimates from the Te Awa soil would be more 
accurate than the Horotiu soil because of more recorded observations at 
the Te Awa site. 
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CHAPTER SEVEN 
MODELLING OF FIELD AND LABORATORY RESULTS 
WITH LEACHM 
7.1 Introduction 
Computer models have been developed to improve our 
understanding of the processes involved in pesticide leaching, to assist 
in management decisions (Cameron et al. 2002), and can also be used 
to identify knowledge gaps for further research (Di et al. 2001). 
Computer simulation models are currently used to predict the transport 
and fate of agricultural chemicals, and to perform risk assessments of 
the environmental impacts of agrochemical use. 
The fate of a particular pesticide under any set of gIVen 
environmental conditions can be best estimated by simultaneously 
considering all important processes, and integrating them in a 
modelling approach (Wagenet & Hutson 1986). There are several 
approaches in existence, which vary according to the developer, but it 
is generally agreed that there are three types of models: research, 
management, and screening. Of the three, Wagenet & Hutson (1986) 
say that the strength of research models is that they provide an 
opportunity to test our knowledge of the processes affecting pesticide 
fate in the unsaturated zone. For this reason, LEACHM has been 
classed as a research model (Wagenet & Hutson 1986). 
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7.2 Aims and Objectives 
The aim of the LEACHM modelling in this chapter was to use the 
parameters derived from the degradation incubation experiment and the 
sorption isotherm experiment, and from the Illverse modelling 
experiment, namely the degradation rates and sorption coefficients for 
atrazine, simazine, DEA, and DIA. The specific objective was to 
compare the LEACHM outputs using the inverse modelling parameters, 
with the LEACHM outputs using the parameters from the laboratory 
experiments, and then finally with the original field data. Using these 
comparisons, conclusions can be reached regarding the applicability of 
LEACHM for pesticide and metabolite distribution in the soil profile. 
7.3 Materials and Methods 
As discussed previously III the materials and methods section, 
LEACHM is a mechanistically based model of water and solute 
movement and pesticide chemistry. The acronym LEACHM stands for 
the Leaching Estimation And CHemistry Model, and refers to three 
simulation models that describe the water and solute regime in 
unsaturated or partially saturated soil profiles. The model we are using 
in this study is the version that describes the pesticide distribution 
through the soil profile; LEACHP. A more detailed description of 
LEACHM and LEACHP can be found in Hutson and Wagenet (1995), 
and a detailed description of LEACHP when used with the Te Awa and 
Horotiu soils can be found in Close et al. (1999) and Close et al. 
(2003b). 
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The pesticide parameters, Koc and degradation rates, from the 
PEST optimisation procedure (Chapter 6), and from the laboratory 
experiments (Chapters 4 and 5) were entered into the LEACHM input 
file and the model was run. 
7.4 Results and Discussion 
The degradation rates and sorption coefficients for the pesticides 
and metabolites from the PEST optimisation chapter and from the 
laboratory incubation experiments are listed in Table 7.1. These 
parameters were entered into the LEACHM input data file, and the 
model was run each time for the different soils. The graphs showing 
measured, optimised, and simulated pesticide concentrations are shown 
in Figures 7.1 - 7.4 for the Te Awa soil, and Figures 7.5 - 7.6 for the 
Horotiu soil. 
The measured and simulated leaching of atrazine and Slmazme in the 
Te Awa soil have been reported before by Close et at. (1999), but the 
triazine metabolites DEA and DIA were not simulated, nor reported. 
The distributions of the metabolites DEA and DIA were very similar in 
shape to that of their parent products, atrazine and Slmazme 
respectively. Although the peaks and troughs occurred at roughly the 
same time, at all depths for atrazine and DEA, and down to 50 em 
depth for simazine and DIA, there was a factor difference of between 2 
and 10 between pesticide and metabolite concentrations. 
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Table 7.1. S,mllnary of K." (ml/g) and degradation rate constants (day") from the inverse 
modelling chapter, and the sorption and degradation chapters used in the LEACHM simulations. 
' J arameters' Laborator arameters b 
Soil Chemical Sorption Degradation Sorption 
rate coefficient, rate coefficient , 
constant, k K oc constant, k K oc 
Horotiu Atrazine 0.0175 913 0.0349 54 
Simazine # # 0 .0220 67 
DEA 0 .2078 9.00 0.0213 27 
DIA # # 0.0155 42 
Te Awa Atrazine 0 .0082 41 0 .0339 52 
Simazine 0.0063 74 0 .0187 67 
DEA 0.5270 42 0.0222 32 
DIA 0.8086 58 0 .0122 60 
a The optimised parameters ca me from Table 6 . 1. The degradation rate co nstant k 
is from the topsoil «20cm). 
b The labo rato ry parameters came from Table 4 . 1 (k) , a nd Tables 5.2 a nd 5.3 (K o, ) . 
# Sim 3z in e a nd DIA were not app li ed to the Ho ra tiu soil , so were not op timi sed . 
The highest concentrations of DEA were detected at 50 cm depth , 
and at approximately day 200, and thi s was the sa me time and depth 
where the highest concentration of atra z ine was detected (Figure 7. /) . 
Simazine and DIA concentration were also at a maximum at 50 cm 
depth , but at 250 days after application for s ima z ine and after 500 days 
for DIA (Figure 7.3). 
The frequency of sampling In the Horotiu soi l did not allow for 
adequate data for atrazine leaching, as there was only one detection at 
20 cm depth s, and o nly a few soil samples were taken at 10 cm and 20 
cm depth s. DEA was detected down to 250 c m, although at very low 
concentrations when compared to the DEA detection s in the Te Awa 
soil. However, this was partly becaus e more than double the amount of 
atrazine was applied to the Te Awa soi l than to the Horotiu so il. 
The simulations using the laboratory data for the Horotiu soi l 
generally underestimated the measured concentrations , with the 
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exception of DEA at 50 cm (Figure 7.5). There was virtually no DEA 
detected at 65 cm, 150 cm, and 250 cm. Atrazine was underestimated at 
10 cm and initially overestimated between day 0 and 150, before 
decreasing to very low concentrations at 20 cm depth. 
LEACHM underestimated atrazine and simazine distribution in 
the Te Awa soil, with the concentrations estimated below 50 cm depth 
being virtually zero. DEA distribution was estimated at higher 
concentrations than observed at 30 cm depth, but at the rest of the soil 
depths DEA concentration was estimated far below the observed 
concentrations. However, at 70 cm depth, LEACHM predicted a peak in 
DEA concentration at the same time as the observed, but the simulated 
concentration was 5 times lower than the observed concentration. 
The comparisons between the observed and simulated DIA 
concentrations gave better agreement than any of the other chemicals. 
DIA was overestimated at both 30 cm and 40 cm, but still managed to 
predict peaks after approximately 100 days. The simulated 
concentration at 30 cm was 4 times greater than the observed, and at 40 
cm, 2 times greater. Between days 100 - 200, the DIA concentrations at 
both 30 and 40cm decreased, falling to levels below the observed after 
approximately day 200. The observed DIA concentration increased to 
90 ppb by day 500 at 50 cm, but the estimated DIA concentration had 
decreased to zero at day 500 after initially rising to a peak of 30 ppb. 
At 70 cm and 85 cm, the predicted concentrations were overestimated, 
while the reverse occurred at 110 cm. 
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The difference between the laboratory-derived parameters used 
for the LEACHM simulations and the optimised parameters from the 
PEST simulations can account for the differences in the LEACHM-Iab 
value and LEACHM-optimised pesticide concentrations. As discussed 
in chapter six, there was a very close correlation between the observed 
and optimised concentrations for all four chemicals at the depths of 30 
and 40 cm, and although the laboratory Koc values used in the 
LEACHM simulations are similar to the optimised values (Table 7.1), 
it is the degradation rates that have determined the pesticide and 
metabolite distribution in the Te Awa soil. The optimised degradation 
rate constants were approximately four and three times lower for 
atrazine and simazine respectively than the measured degradation rates, 
while the optimised rates for DEA and DIA were 24 and 66 times, 
respectively, greater than the measured rates. 
This has meant much quicker degradation of atrazine and 
simazine, and greater appearance of the metabolites. This is very 
apparent in the top 40 cm of the soil pro file, where LEACHM estimated 
that the concentration would decrease to zero by day 300 for atrazine, 
and day 400 for simazine. In both these cases, the observed pesticide 
disappeared by day 500. At soil depths below 40cm, the estimated 
atrazine and simazine concentrations were zero, as LEACHM predicted 
that most of the original triazine pesticides had transformed to the 
metabolites. 
For both metabolites, LEACHM predicted higher concentrations, 
at all soil depths, than their respective parent compounds, except for 
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DEA at 40 cm. At this depth, LEACHM estimated DEA concentrations 
ten times lower than atrazine. 
In the Horotiu soil, the differences between the optimised and 
laboratory parameters are even more distinct than in the Te Awa soil. 
While the sorption coefficient for DEA is similar (27 for the 
laboratory; 9.46 for the optimised), the optimised Koc for atrazine was 
17 times greater than the laboratory Koc. However, the degradation 
constants were reasonably similar. The laboratory degradation rate for 
DEA was 10 times less than the optimised rate, but this rate of 
degradation was too high for the subsoil, as virtually zero 
concentrations of DEA were predicted. The small amount of positive 
observations from the field study has resulted in a low level of 
confidence in the optimised sorption and degradation parameters. 
One reason why there were such low concentrations of atrazine 
and simazine, and higher concentrations of the metabolites is that the 
laboratory-derived degradation constants used for the LEACHM 
simulation were used for all soil depths. This was different to the 
optimisation procedure in chapter six, where degradation constants 
were determined for the topsoil and subsoil separately (Table 6.1). The 
degradation rates were constant down the whole soil profile, and this 
would mean the degradation of atrazine and simazine, and subsequent 
transformation to the metabolites, would be greater in the subsoil than 
anticipated. This was the situation for most LEACHM simulations, 
because, as previously discussed, higher concentrations of metabolites 
than parent compound were predicted, with only a few exceptions. 
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In the LEACHM simulation of atrazine and simazine in two New 
Zealand soils, Close et at. (1999) noted that the Te Awa soil suffered 
from preferential flow and that this is probably the reason why there 
are high concentrations of pesticides deeper in the soil profile. 
LEACHM does not consider preferential flow, and to account for this, 
the field optimised sorption values will be less than they should be. 
7.5 Conclusions 
The LEACHM simulations, USIng the sorption and degradation 
parameters determined from the laboratory experiments, of the 
atrazine, simazine, DEA, and DIA concentrations in the Horotiu and Te 
Awa soils, were at much lower concentrations than the observed 
pesticide distribution, as well as the optimised pesticide distributions. 
This indicates that the measured pesticide and metabolite degradation 
in both soils was too high, particularly at lower depths in the subsoil, 
as very low concentrations were predicted below 50 cm in both soils. 
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CHAPTER EIGHT 
General Conclusions 
8.1 Introduction 
T hi s masters thesis ha s exa min ed th e mobilit y a nd persistence of 
pesticides in the so il enviro nm e nt, and discussed th e influentia l factors, 
mechanisms , and processes by which the fate of pesticides in the soil 
environment are governed . The use of predictive computer modelling 
of organic contaminants for risk analysis purposes was covered, as well 
as description of the parameter es timation package PEST , and the 
pesticide si mulation model LEACHM , both of which were used in the 
thesis. 
The initial allns for this project were two-fold: I) to st udy the 
transformation s and mobility , b y determining the degradation rates and 
sorption coefficie nt s, of atrazine and simaz in e, and their metabolite s 
DEA and DIA and, 2) to run LEACI-IM with the pesticide parameters 
from the fie ld and labora tor y st udi es, to determine if LEACHM can be 
used to predict pesticide and metabolite leac hing und er field conditions. 
8.2 Conclusions 
The degradation incubation exper im ent showed that the 
metabolites DEA a nd DIA had very s imilar persistence In the topsoil to 
atrazine and s ima z ine, as their degradation rates and half-lives were 
determined to be virtua ll y identical. Any differences in metabolite 
persistence between both so il s were re lative ly minor. The degradation 
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rates in the Horotiu soil were slightly higher than in the Te Awa soil, 
but this was expected because of the Horotiu soils' higher organic 
carbon content. 
The results from the batch isotherm study showed similarities in 
the sorption coefficients between the metabolites and the parent 
compounds. This similarity was apparent across both soils, and 
between the Freundlich and linear sorption methods. The Koc values 
could possibly be slightly lower than expected as the incubation period 
was only 90 minutes, whereas many previous studies from the literature 
used a 24 hour incubation period. 
The laboratory experiments have determined that the triazine 
metabolites DEA and DIA have similar persistence and mobility to 
atrazine and simazine in the Horotiu and Te Awa soils, together with 
their similar levels of toxicity (Belluck et al 1991). This indicates that 
the metabolites need to be considered when any potential groundwater 
contamination by atrazine and simazine is discussed. 
The low number of observations from the field data in the 
Horotiu soil meant the degradation and sorption parameters could not 
be estimated by inverse modelling with any confidence, with the 
exception of the degradation rate constant for atrazine. The 
observations for the Te Awa soil were far more comprehensive and this 
allowed for a greater degree of confidence with the parameter estimates. 
The topsoil degradation and sorption estimates for atrazine and 
simazine in the Te Awa soil were similar to that of Close et al (1999). 
However, the metabolites, while the inverse modelling determined 
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similar Koc values to that of atrazine and SlmaZllle, could not be 
estimated with the same degree 0 f confidence. This lack 0 f confidence 
in the degradation and sorption parameters can be attributed to the 
linking 0 f the parent compound and its transformation product in 
LEACHM. 
When LEACHM was run with the laboratory-derived degradation 
and sorption parameters, the pesticide distribution was generally 
underestimated at all soil depths, and in both soils, when compared to 
the observed data. This implies that the pesticides and metabolites have 
greater mobility than the laboratory experiments indicated. The 
metabolites were generally determined to be at a greater concentration 
at the same depth as the parent compound, indicating that LEACHM 
was transforming atrazine and simazine quicker than the metabolites 
were being degraded. This was particularly apparent in the Te Awa soil. 
Close et at (1999) stated that there were indications that the Te 
Awa site suffered from preferential flow and that this may be a reason 
why leaching of pesticides through the soil profile was much quicker 
than expected. LEACHM cannot estimate accurately if soils are 
predisposed to preferential flow, and Hutson et at (1995), in their 
overview of LEACHM, recognise that preferential flow is an area of 
future development for the model. The Horotiu soil did not have a 
problem with preferential flow, but the underestimation of pesticide 
and metabolite distribution in the Horotiu soil was because of the low 
number of positive observations. 
96 
8.3 Recommendations for Future Research 
Based on the findings of this study, the research has shown that 
modelling pesticide distribution with LEACHM is susceptible to soil 
hydro 10 gy, and that more research is needed using LEACHM under 
conditions where preferential flow and the number of positive 
observations are not an issue. This would achieve a good data set from 
which modelling of pesticide distribution could be determined with a 
high degree 0 f confidence. 
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APPENDIX A: 
LEACHM Input/PEST Template File 
NGATARSI 
(Simazine and DIA, Te Awa soil) 
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NGATARSI.tpl 
ptf # 
NGATARSI < DOS Filename, 8 characters with no extension. used in batch runs (started as 
LEACHP<filename). 
LEACHP PESTICIDE DATA FILE. 
A value must be present for each item, although it may not be used in the 
simulation. The file is read free format with blank delimiters. preserve 
division and heading records. The number of depth segments may be changed. 
******************************************************************************************************* 
******* 
2 <Date format (1: month/day/year; 2: day/month/year). Dates must be 6 digits, 2 each for day, 
m~, yr. 
010593 <starting date. No date in the input data should precede this date. 
230596 <Ending date or day number. The starting date is day 1. (A value <010101 is treated as a day 
number). 
0.1 <Largest time interval within a day (0.1 day or less). 
1 <Number of repetitions of rainfall, crop and chemical application data. 
1200 <profile depth (mm) , preferably a mUltiple of the segment thickness. 
100 <segment thickness (mm). (The number of segments should be between about 8 and 30. 
2 <Lower boundary condition: l:fixed depth water table; 2:free drainage, 3:zero flux 4:lysimeter. 
4500 <If the lower boundary is lor 4: initial water table depth (mm). 
The steady-state flow option uses constant water fluxes during the application 
periods specified in the rainfall data table, and a uniform water content 
specified here. steady-state flow implies a lab column, and crop and evaporation data are ignored. 
1 < Water flow: 1: Richards; 2: Addiscott tipping bucket; 3: steady-state. 
0.4 < steady-state flow water content (volume fraction); 999: saturated column. 
******************************************************************************************************* 
******* 
******************************************************************************************************* 
******* 
3 <Number of output files: 1: OUT only; 2: OUT + SUM; 3: OUT + SUM + BTC 
For the *.OUT file: 
1 <Units for depth data: 1: ug/kg, 2: mg/m2 per segment depth, 3: mg/kg, 4: g/m2, 5: kg/ha. 
2 <Node print frequency (print data for every node (1), alternate nodes (2). 
2 <print options: 1 or 2. Use to specify one of the following options. 
10 <option 1: print at fixed time intervals (days between prints). 
24 <option 2: No. of prints (the times for which are specified below) 
2 <Tables printed: 1: mass balance; 2: + depth data; 3: + crop data 
o <Reset *.OUT file cumulative values after each print? 0: No, 1: Yes 
--- For the * .SUM file: 
1.00 <summary print interval (d) 
400 <surface to [depth 1?] mm 
800 <Depth 1 to [depth 2?] mm 
(999 for calendar month printouts) 
( Three depth segments for the 
summary file. Zero defaults to nodes 
closest to thirds of the profile) 1300 <Depth 2 to [depth 3?] mm 
2 <4th segment: Root zone (1); 
of lower boundary or water table (4) 
profile (2); Depth 3 to lower boundary (3); surface to shallowest 
--- For the *.BTC (breakthrough) file: 
5.0 <Incremental depth of drainage water per output (mm) 
List here the 
-- The number of 
Date or 
Day no. 
times at which the 
records must match 
Time of day 
(to nearest tenth) 
*.OUT file is desired for 
the 'NO. of prints' under 
(At least one must be 
even if print option 
print option 2. 
option 2 above. 
specified 
is not 2) 
020294 
210294 
210394 
260494 
300594 
040794 
010894 
130994 
171094 
291194 
191294 
221294 
070295 
130395 
100495 
150595 
120695 
170795 
140895 
180995 
161095 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
(These dates can be past the last day) 
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NGATARSI . tpl 
201195 .5 
181295 .5 
220196 .5 
w ••••••••••••••••••• ******* * *******.** * •••• ***.***** •• *.***************** 
-----------------------------------------------_. __ ._ ....... _ .•......•.•. 
SOIL PHYSICAL PROPERTIES 
-- Retentivity model 0 uses listed campbell ' s retention parameters , otherwise 
- - the desired particle size-based regression model is used. 
Soil I Retent; on 1 Starting I Roots I Start; "5 
layer clay si 1 t organic I model Itheta or pot'll (for no I temp CC 
no. carbon I ICone is used) I growth) I (not read in 
% % % I I kpa I (relative) 1 LEACHC) 
--------- --
1 20. 60 . 5.3 0 . 000 -100 . .25 16 . 
2 20. 60. 4.2 0 . 000 - 100 . .25 16. 
3 20. 60 . 1.7 0 .000 - 100 . . 25 16. 
4 15. 25. 0.60 0 . 000 -100 . .10 16. 
5 5. 5 . 0.22 0 . 000 -100 . . 10 16 . 
6 5. 5. 0.22 0 . 000 -100 . .10 16. 
7 5. 5. 0.22 0 . 000 -100 . .05 16. 
8 2. 3 . 0.10 0 . 000 - 100 . . 00 16. 
9 5. 5. 0.10 0 . 000 - 100 . .00 16 . 
10 5. 5. 0.10 0 . 000 -100 . .00 16 . 
11 2 . 3. 0.06 0 . 000 -100 . .00 16. 
12 2. 3 . 0 . 06 0 .000 - 100 . .00 16 . (Add or delete 
and in followi ng tables to match number of segments) 
------------------------ -- - ---- ------------------ - --------------- - -----------
2 < Use listed water contents (1) or potential s (2) as starti ng values . 
Particle density: clay si l t and sand Organic matter (kg/dm3) (to cal culate porosity) 
2 . 65 2.65 1.10 
•••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••••••••••••••••••• 
For a uniform profile: Any non- zero value here will override those in 
the table below. 
0.0 0 .0 <soil bulk density and particle density (kg / dm3 ) . 
-0.0 <'Air-entry value ' (AEV) (kpa) . 
0.0 <Exponent (BCAM) in campbell ' s water retention equation. 
rows 
o -0.0 <conductivity (mm/ day) and corresponding matric potential (kpa) ( for potential - bas ed 
vers ion of eq. 2.5). 
0 .0 <Pore interaction parameter (p) in Campbell's conductivity equation. 
o <Oispersivity (mm). 
-1 . 5 <For Addiscott flow : Matric potential ( kpa) at field capacity 
- 179 < : Division between mobile and immobile water (kpa) 
here 
•• •••••••••• ••••••••• •• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•• 
soi 1 I soil retenti vi ty Bulk Match K(h) curve at: Di spersi vi ty For Addiscott flow 
option: 
se9ment parameters density K Matri c using Fi el d 
Mob,le/ immobile 
no. I AEV BCAM potl P ca~aci ty threshol d 
I kpa kg / dm3 mm l d kpa mm pa kpa 
---------
1 - 1.16 8.135 1. 20 1000 -00. 1.0 100. -11.8 - 200. 
2 -1.16 8.135 1. 20 1000 -00. 1.0 100. -11.2 - 200. 
3 - 1.16 8.135 1. 27 1000 -00. 1.0 100 . -10 . 8 -200. 
4 - 0.865 1. 775 1. 30 1000 -00 . 1.0 100. -10.8 - 200. 
5 - 0.865 1. 775 1.42 1000 -00 . 1.0 100. - 10.5 -200. 
6 -0.865 1. 775 1.42 1000 -00 . 1.0 100. -10.2 - 200. 
7 - 0.865 1. 775 1.42 1000 -00 . 1.0 100. -9 . 9 - 200. 
8 - 0.865 1. 775 1. 65 1000 -00 . 1.0 100 . -9.7 - 200 . 
9 - 0 . 865 1. 775 1.65 1000 -00. 1.0 100 . - 9 . 5 -200. 
10 - 0 . 865 1. 775 1. 65 1000 -00 . 1.0 100. - 9 . 4 -200. 
11 - 0 . 865 1. 775 1. 90 1000 -00 . 1.0 100 . - 9 . 4 - 200. 
12 - 0 . 865 1. 775 1. 90 1000 -00 . 1.0 100 . - 9.3 - 200 ........................... _._ .. _ ....................••.......•......... _ ...........•.................. 
• .......•............. _ ................................................................................ . 
• 
Runoff according to the scs curve number approach . Curve number listed here will be 
adju s ted by slope . During periods of crop growth, CN2 replaced by value for crop. 
(procedure according to J.R. williams ( 1991). Runoff and Water Erosion. 
Chap 18, Modeling pl ant and soil systems, Agronomy 31 .) 
75 <curve number (cN2). In LEACHM, water content use to adjust CN2 based on top 20 cm . 
o <s l ope , %. used to adjust CN2 accordin9 to equation of w,l l iams (1991) . 
•• (set s l ope to 0 to bypass t he runoff rout,ne . Runoff owing to profile saturation will stil l be 
accumu l ated) .•....•.••.......••.. -.. -.............. _ ................................ . 
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************************************************************************* 
CROP DATA 
Data for at least one crop must be specified, even if no crop desired. 
For fallow soil, set flag below to 0, or germination past the simulation end date. 
o 
1 
-1500 
-3000 
1.1 
1. 05 
Growth 
<plants present: 1 yes, 0 no. This flag overrides all other crop data. 
<No. of crops (>0), even if bypassed. Dates can be past last day of simulation. 
<wilting point (soil) kPa. 
<Min. root water pot'l(kpa). 
<Maximum ratio of actual to potential transpiration (dry surface). 
<Root resistance (weights water uptake by depth). (>1, No weighting: 1.0). 
perenni al N_uptake Date or day of Rel . crop pan 
Harvested 
1: No 1: Yes 
fraction 
l:to maturity Maturity root cover factor 
2 : Yes 2 : No 2:to harvest Germ. Emerg. Root Cover Harv. depth fraction 
crop Min 
uptake N 
N P fixed 
------- ------------ --------------------------------- -----kg/ha----
----------
1 1 1 122588 010589 031489 032489 041289 1.00 
.88 
*********************************************************************** 
*********************************************************************** 
INITIAL PROFILE CHEMICAL DATA 
4 < Number of chemical species. At least one must be specified. 
0.8 1. 00 102 
soil 
1 ayer 
chem1 chem2 Chem3 chem4 .. (Add columns to match number of chemicals) 
----mg/kg dry soil----
1 0.0 0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.0 
4 0.0 0.0 0.0 0.0 
5 0.0 0.0 0.0 0.0 
6 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 
9 0.0 0.0 0.0 0.0 
10 0.0 0.0 0.0 0.0 
11 0.0 0.0 0.0 0.0 
12 0.0 0.0 0.0 0.0 
Concentration (mg/l) below profile, used with lower boundaries 1 or 5 
0.0 0.0 0.0 0.0 0.0 
20 0 
500 < Depth (mm) of water in mixing cell (boundaries 1 and 5 only). Enter 0 for no mixing cell. 
*********************************************************************** 
*********************************************************************** 
CHEMICAL PROPERTIES 
-------------------
chern solubility vapour Density Link plant 
NO. Name mg/dm3 mg/dm3 Uptake 
------- -------- ------- l(yes),O(no) 
1 Atrazine' . 3300E+02 .2890E-02 1 0 
2 DEA' . 2700E+04 .2890E-02 0 0 
3 simazine' . 3300E+02 .2890E-02 1 0 
4 DIA' . 9800E+03 .2980E-02 0 0 
Linear(l) Linear isotherm I Freundlich isotherm 
chern or Koc 2-site model I Kfoc Exponent 
No. Freundl i ch (2) l/kg f alpha I (unit dependent!) 
1 1 100.0 1.0 .693 100.0 1.0 
2 1 80.0 1.0 6.930 100.0 0.95 
3 1 #Koc1 # 1.0 .693 100.0 1.0 
4 1 #Koc2 # 1.0 .693 100.0 0.95 
Diffusion coefficients: 
120 <Molecular diffusion coefficient in water (mm2/day) 
120 <Molecular diffusion coefficient in air (mm2/day) 
.1400E+06 <Air diff. coeff. enhancement to account for atmospheric pressure fluctuations. 
*********************************************************************** 
* 
* 
* 
* 
* 
The values of L1,L2--->Ln ('Link' in the chemical properties above) 
determine which species form a transformation chain. 
setting Ln = 0 breaks the pathway, Ln = 1 restores it. 
RATE 1 
Transformation pathways-------------------> 
RATE 2 RATE 3 RATE 4 
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SE1----/L1/--->SE2----/L2/--->SE3----/L3/--->SE4---/L4/---> ... 
I I I I 
I RATE 5 I RATE 6 I RATE 7 I RATE 8 
I I I I 
v 
PRODUCT 
v 
PRODUCT 
v 
PRODUCT 
v 
PRODUCT 
Degradation 
pathways 
I 
I 
v 
**************************************************************************** 
TRANSFORMATION AND DEGRADATION RATE CONSTANTS 
1 <Rate constants apply to solution AND sorbed phases (1), solution phase only (0). 
Temperature and water content effects (transformation rate constants only): 
o <Include temperature subroutine and adjustments? yes(l), no(O) 
3 <Q10: factor by which rate constant changes per 10 C increase 
20 <Base temperature: at which rate constants below apply 
35 <optimum temperature: Q10 relationship applies from 0 C to here 
50 <Maximum temperature: Rate constants decrease from optimum to here 
.08 <High end of optimum water content range: air-filled porosity 
-300 <Lower end of optimum water content: matric potential kpa 
-1500 <Minimum matric potential for transformations kpa 
0.6 <Relative transformation rate at saturation 
************************************************************************** 
TRANSFORMATION RATE CONSTANTS (may be adjusted as specified above) 
Layer 
no 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
chemical 1 chemical 2 chemical 3 chemical 4 
<--------------------- dayA(-l) ---------------------> 
0.00 0.00 #tr11 # #tr21 # 
0.00 0.00 #tr11 # #tr21 # 
0.00 0.00 #tr12 # #tr22 # 
0.00 0.00 #tr12 # #tr22 # 
0.00 0.00 #tr12 # #tr22 # 
0.00 0.00 #tr12 # #tr22 # 
0.00 0.00 #tr12 # #tr22 # 
0.00 0.00 #tr12 # #tr22 # 
0.00 0.00 #tr12 # #tr22 # 
0.00 0.00 #tr12 # #tr22 # 
0.00 0.00 #tr12 # #tr22 # 
0.00 0.00 #tr12 # #tr22 # 
************************************************************************** 
DEGRADATION RATE CONSTANTS (not influenced by water or temperature) 
Layer 
no 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
chem1-Atr chem2-DEA chem3-sim chem4-DIA ...... . 
<--------------------- dayA(-l) ---------------------> 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.001 0.001 
0.00 0.00 0.001 0.001 
0.00 0.00 0.00 0.001 
0.00 0.00 0.00 0.001 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
************************************************************************** 
************************************************************************** 
CHEMICAL APPLICATIONS 
1 < Number of broadcast applications. (At least 1. Can be past last date. 
Date 
(or day no.) 
Incorporation Chem1 chem2 Chem3 chem4 ...... . 
(segments, 0 mg/sq.m (lmg/sq.m = .01kg/ha) 
is surface) --------
171193 0 1000.00 00.00 1000.00 00.00 
************************************************************************** 
************************************************************************** 
CULTIVATIONS 
2 < Number of cultivations. At least one must be specified. Can be past last day. 
Date or 
day no. 
9999 
9999 
Depth of cultivation 
mm 
200 
200 
************************************************************************** 
************************************************************************** 
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RAIN AND RAIN WATER COMPOSITION (Include irrigation here, or specify 
------------------------------- in a separate file.) 
358 < Number of water applications. Some or all can be past last day. 
o < For a separate irrigation file, set to 1 and edit and rename PESTTEST.SCH. 
--------------------------------------------------------------------------
Start Amount surface flux Dissolved in water (can be 0) 
Date/day Time density cheml chem2 chem3 chem4 ..... 
------- --day- --mm-- ---mm/d---- --------------- mg/l -------------
010593 0.0 22 .0 100.0 0.000 0.000 0.000 0.000 
020593 0.0 3.8 100.0 0.000 0.000 0.000 0.000 
060593 0.0 0.4 100.0 0.000 0.000 0.000 0.000 
100593 0.0 0.8 100.0 0.000 0.000 0.000 0.000 
160593 0.0 4.8 100.0 0.000 0.000 0.000 0.000 
170593 0.0 3.4 100.0 0.000 0.000 0.000 0.000 
180593 0.0 8.2 100.0 0.000 0.000 0.000 0.000 
270593 0.0 1.6 100.0 0.000 0.000 0.000 0.000 
010693 0.0 2.2 100.0 0.000 0.000 0.000 0.000 
050693 0.0 2.2 100.0 0.000 0.000 0.000 0.000 
060693 0.0 8.4 100.0 0.000 0.000 0.000 0.000 
130693 0.0 0.4 100.0 0.000 0.000 0.000 0.000 
140693 0.0 9.4 100.0 0.000 0.000 0.000 0.000 
200693 0.0 0.6 100.0 0.000 0.000 0.000 0.000 
250693 0.0 0.8 100.0 0.000 0.000 0.000 0.000 
270693 0.0 0.4 100.0 0.000 0.000 0.000 0.000 
280693 0.0 18.0 100.0 0.000 0.000 0.000 0.000 
290693 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
10793 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
60793 0.0 0.4 100.0 0.000 0.000 0.000 0.000 
70793 0.0 4.6 100.0 0.000 0.000 0.000 0.000 
80793 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
90793 0.0 0.4 100.0 0.000 0.000 0.000 0.000 
210793 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
240793 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
280793 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
20893 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
30893 0.0 5.8 100.0 0.000 0.000 0.000 0.000 
40893 0.0 3.8 100.0 0.000 0.000 0.000 0.000 
50893 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
80893 0.0 14.6 100.0 0.000 0.000 0.000 0.000 
90893 0.0 5.6 100.0 0.000 0.000 0.000 0.000 
100893 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
110893 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
150893 0.0 15.0 100.0 0.000 0.000 0.000 0.000 
160893 0.0 0.8 100.0 0.000 0.000 0.000 0.000 
170893 0.0 11.6 100.0 0.000 0.000 0.000 0.000 
190893 0.0 1.8 100.0 0.000 0.000 0.000 0.000 
220893 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
230893 0.0 1.8 100.0 0.000 0.000 0.000 0.000 
270893 0.0 2.8 100.0 0.000 0.000 0.000 0.000 
280893 0.0 6.8 100.0 0.000 0.000 0.000 0.000 
290893 0.0 0.4 100.0 0.000 0.000 0.000 0.000 
40993 0.0 20.6 100.0 0.000 0.000 0.000 0.000 
50993 0.0 30.6 100.0 0.000 0.000 0.000 0.000 
60993 0.0 4.6 100.0 0.000 0.000 0.000 0.000 
70993 0.0 0.6 100.0 0.000 0.000 0.000 0.000 
120993 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
170993 0.0 1.2 100.0 0.000 0.000 0.000 0.000 
180993 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
190993 0.0 4.8 100.0 0.000 0.000 0.000 0.000 
200993 0.0 6.2 100.0 0.000 0.000 0.000 0.000 
240993 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
250993 0.0 2.8 100.0 0.000 0.000 0.000 0.000 
260993 0.0 1.2 100.0 0.000 0.000 0.000 0.000 
270993 0.0 0.4 100.0 0.000 0.000 0.000 0.000 
81093 0.0 0.8 100.0 0.000 0.000 0.000 0.000 
91093 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
111093 0.0 4.4 100.0 0.000 0.000 0.000 0.000 
121093 0.0 1.2 100.0 0.000 0.000 0.000 0.000 
151093 0.0 0.6 100.0 0.000 0.000 0.000 0.000 
181093 0.0 0.2 100.0 0.000 0.000 0.000 0.000 
311093 0.0 9.4 100.0 0.000 0.000 0.000 0.000 
51193 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
61193 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
71193 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
91193 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
111193 0.0 5.3 100.0 0.000 0.000 0.000 0.000 
121193 0.0 4.8 100.0 0.000 0.000 0.000 0.000 
161193 0.6 1.8 100.0 0.000 0.000 0.000 0.000 
161193 0.8 1.8 100.0 0.000 0.000 0.000 0.000 
-.0 
171193 0.0 1.8 100.0 0.000 0.000 0.000 0.000 
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0.000 0.000 0.000 0.000 
211193 0.0 34.6 100.0 0.000 0.000 0.000 0.000 
241193 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
291193 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
31293 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
61293 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
71293 0.0 15.5 100.0 0.000 0.000 0.000 0.000 
131293 0.0 9.7 100.0 0.000 0.000 0.000 0.000 
141293 0.0 24.0 100.0 0.000 0.000 0.000 0.000 ---" .. -.-" .. 
171293 0.0 10.5 100.0 0.000 0.000 0.000 0.000 
181293 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
191293 0.0 3.5 100.0 0.000 0.000 0.000 0.000 
231293 0.0 24.8 100.0 0.000 0.000 0.000 0.000 
241293 0.0 5.0 100.0 0.000 0.000 0.000 0.000 
261293 0.0 2.5 100.0 0.000 0.000 0.000 0.000 
271293 0.0 6.5 100.0 0.000 0.000 0.000 0.000 
301293 0.0 6.0 100.0 0.000 0.000 0.000 0.000 
311293 0.0 12.0 100.0 0.000 0.000 0.000 0.000 
50194 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
110194 0.0 12.0 100.0 0.000 0.000 0.000 0.000 
120194 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
130194 0.0 7.0 100.0 0.000 0.000 0.000 0.000 
200194 0.0 16.0 100.0 0.000 0.000 0.000 0.000 
260194 0.0 56.5 100.0 0.000 0.000 0.000 0.000 
270194 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
30294 0.0 16.0 100.0 0.000 0.000 0.000 0.000 
50294 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
60294 0.0 10.5 100.0 0.000 0.000 0.000 0.000 
90294 0.0 16.0 100.0 0.000 0.000 0.000 0.000 
140294 0.0 32.5 100.0 0.000 0.000 0.000 0.000 
150294 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
210294 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
20394 0.0 12.0 100.0 0.000 0.000 0.000 0.000 
70394 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
110394 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
150394 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
160394 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
200394 0.0 8.5 100.0 0.000 0.000 0.000 0.000 
210394 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
260394 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
270394 0.0 0.1 100.0 0.000 0.000 0.000 0.000 
290394 0.0 2.5 100.0 0.000 0.000 0.000 0.000 
20494 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
30494 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
40494 0.0 2.5 100.0 0.000 0.000 0.000 0.000 
150494 0.0 23.0 100.0 0.000 0.000 0.000 0.000 
160494 0.0 9.0 100.0 0.000 0.000 0.000 0.000 
210494 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
280494 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
40594 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
80594 0.0 25.5 100.0 0.000 0.000 0.000 0.000 
90594 0.0 10.5 100.0 0.000 0.000 0.000 0.000 
110594 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
120594 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
160594 0.0 0.1 100.0 0.000 0.000 0.000 0.000 
270594 0.0 7.0 100.0 0.000 0.000 0.000 0.000 
30694 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
40694 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
50694 0.0 2.5 100.0 0.000 0.000 0.000 0.000 
60694 0.0 6.0 100.0 0.000 0.000 0.000 0.000 
70694 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
90694 0.0 6.0 100.0 0.000 0.000 0.000 0.000 
110694 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
120694 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
130694 0.0 5.0 100.0 0.000 0.000 0.000 0.000 
160694 0.0 4.0 100.0 0.000 0.000 0.000 0.000 
170694 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
210694 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
220694 0.0 10.5 100.0 0.000 0.000 0.000 0.000 
260694 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
270694 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
290694 0.0 5.5 100.0 0.000 0.000 0.000 0.000 
60794 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
80794 0.0 5.0 100.0 0.000 0.000 0.000 0.000 
120794 0.0 11.0 100.0 0.000 0.000 0.000 0.000 
170794 0.0 16.0 100.0 0.000 0.000 0.000 0.000 
180794 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
190794 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
240794 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
250794 0.0 77.0 100.0 0.000 0.000 0.000 0.000 
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0.000 0.000 0.000 0.000 
270794 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
290794 0.0 39.0 100.0 0.000 0.000 0.000 0.000 
300794 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
310794 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
10894 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
20894 0.0 2.5 100.0 0.000 0.000 0.000 0.000 
30894 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
100894 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
150894 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
250894 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
270894 0.0 0.1 100.0 0.000 0.000 0.000 0.000 
280894 0.0 0.1 100.0 0.000 0.000 0.000 0.000 
290894 0.0 0.1 100.0 0.000 0.000 0.000 0.000 
300894 0.0 0.1 100.0 0.000 0.000 0.000 0.000 
310894 0.0 2.1 100.0 0.000 0.000 0.000 0.000 
20994 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
70994 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
80994 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
90994 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
170994 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
210994 0.0 5.5 100.0 0.000 0.000 0.000 0.000 
260994 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
280994 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
21094 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
41094 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
101094 0.0 4.0 100.0 0.000 0.000 0.000 0.000 
111094 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
141094 0.0 14.5 100.0 0.000 0.000 0.000 0.000 
151094 0.0 7.0 100.0 0.000 0.000 0.000 0.000 
251094 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
261094 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
271094 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
311094 0.0 13 .5 100.0 0.000 0.000 0.000 0.000 
11194 0.0 9.0 100.0 0.000 0.000 0.000 0.000 
71194 0.0 3.5 100.0 0.000 0.000 0.000 0.000 
161194 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
301194 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
101294 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
131294 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
141294 0.0 3.5 100.0 0.000 0.000 0.000 0.000 
191294 0.0 37.3 100.0 0.000 0.000 0.000 0.000 
201294 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
90195 0.0 2.5 100.0 0.000 0.000 0.000 0.000 
100195 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
110195 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
140195 0.0 8.5 100.0 0.000 0.000 0.000 0.000 
190195 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
270195 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
280195 0.0 16.5 100.0 0.000 0.000 0.000 0.000 
20295 0.0 16.5 100.0 0.000 0.000 0.000 0.000 
30295 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
50295 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
60295 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
110295 0.0 10.5 100.0 0.000 0.000 0.000 0.000 
120295 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
130295 0.0 13.0 100.0 0.000 0.000 0.000 0.000 
140295 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
210295 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
220295 0.0 7.0 100.0 0.000 0.000 0.000 0.000 
230295 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
240295 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
30395 0.0 22.0 100.0 0.000 0.000 0.000 0.000 
40395 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
70395 0.0 75.0 100.0 0.000 0.000 0.000 0.000 
120395 0.0 17.5 100.0 0.000 0.000 0.000 0.000 
130395 0.0 19.0 100.0 0.000 0.000 0.000 0.000 
270395 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
300395 0.0 14.0 100.0 0.000 0.000 0.000 0.000 
10495 0.0 13.5 100.0 0.000 0.000 0.000 0.000 
40495 0.0 25.5 100.0 0.000 0.000 0.000 0.000 
50495 0.0 95.0 100.0 0.000 0.000 0.000 0.000 
60495 0.0 11.0 100.0 0.000 0.000 0.000 0.000 
70495 0.0 4.0 100.0 0.000 0.000 0.000 0.000 
80495 0.0 96.5 100.0 0.000 0.000 0.000 0.000 
90495 0.0 2.5 100.0 0.000 0.000 0.000 0.000 
120495 0.0 19.0 100.0 0.000 0.000 0.000 0.000 -'-..-.---"'-" 
140495 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
220495 0.0 15.0 100.0 0.000 0.000 0.000 0.000 
230495 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
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0.000 0.000 0.000 0.000 
250495 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
260495 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
10595 0.0 23.5 100.0 0.000 0.000 0.000 0.000 
20595 0.0 12.0 100.0 0.000 0.000 0.000 0.000 
60595 0.0 4.5 100.0 0.000 0.000 0.000 0.000 ,'.,--
70595 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
90595 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
220595 0.0 4.0 100.0 0.000 0.000 0.000 0.000 
230595 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
280595 0.0 5.0 100.0 0.000 0.000 0.000 0.000 
290595 0.0 18.5 100.0 0.000 0.000 0.000 0.000 
310595 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
30695 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
120695 0.0 11.1 100.0 0.000 0.000 0.000 0.000 
130695 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
160695 0.0 17.0 100.0 0.000 0.000 0.000 0.000 
180695 0.0 33.0 100.0 0.000 0.000 0.000 0.000 
190695 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
220695 0.0 6.0 100.0 0.000 0.000 0.000 0.000 
230695 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
10795 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
20795 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
30795 0.0 30.0 100.0 0.000 0.000 0.000 0.000 
40795 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
50795 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
120795 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
130795 0.0 6.5 100.0 0.000 0.000 0.000 0.000 
140795 0.0 8.5 100.0 0.000 0.000 0.000 0.000 
150795 0.0 20.0 100.0 0.000 0.000 0.000 0.000 
20895 0.0 8.0 100.0 0.000 0.000 0.000 0.000 
30895 0.0 47.5 100.0 0.000 0.000 0.000 0.000 
40895 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
50895 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
90895 0.0 9.0 100.0 0.000 0.000 0.000 0.000 
140895 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
220895 0.0 9.0 100.0 0.000 0.000 0.000 0.000 
250895 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
260895 0.0 3.5 100.0 0.000 0.000 0.000 0.000 
290895 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
20995 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
90995 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
160995 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
170995 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
180995 0.0 3.5 100.0 0.000 0.000 0.000 0.000 
190995 0.0 8.5 100.0 0.000 0.000 0.000 0.000 
220995 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
230995 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
290995 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
11095 0.0 9.5 100.0 0.000 0.000 0.000 0.000 
21095 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
51095 0.0 9.0 100.0 0.000 0.000 0.000 0.000 
91095 0.0 6.5 100.0 0.000 0.000 0.000 0.000 
101095 0.0 2.5 100.0 0.000 0.000 0.000 0.000 
131095 0.0 3.5 100.0 0.000 0.000 0.000 0.000 
211095 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
221095 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
241095 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
281095 0.0 22.5 100.0 0.000 0.000 0.000 0.000 
301095 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
11195 0.0 34.0 100.0 0.000 0.000 0.000 0.000 
.. 
21195 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
41195 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
61195 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
101195 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
151195 0.0 18.0 100.0 0.000 0.000 0.000 0.000 
161195 0.0 18.0 100.0 0.000 0.000 0.000 0.000 
171195 0.0 18.0 100.0 0.000 0.000 0.000 0.000 
201195 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
211195 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
241195 0.0 19.3 100.0 0.000 0.000 0.000 0.000 
251195 0.0 70.3 100.0 0.000 0.000 0.000 0.000 
261195 0.0 51. 3 100.0 0.000 0.000 0.000 0.000 
271195 0.0 23.6 100.0 0.000 0.000 0.000 0.000 
101295 0.0 35.5 100.0 0.000 0.000 0.000 0.000 
171295 0.0 0.7 100.0 0.000 0.000 0.000 0.000 
241295 0.0 0.8 100.0 0.000 0.000 0.000 0.000 ",-"'.,,, . 
261295 0.0 11.5 100.0 0.000 0.000 0.000 0.000 
301295 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
110196 0.0 8.5 100.0 0.000 0.000 0.000 0.000 
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0.000 0.000 0.000 0.000 
130196 0.0 3.5 100.0 0.000 0.000 0.000 0.000 
140196 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
150196 0.0 83.4 100.0 0.000 0.000 0.000 0.000 
160196 0.0 19.6 100.0 0.000 0.000 0.000 0.000 
170196 0.0 88.3 100.0 0.000 0.000 0.000 0.000 
240196 0.0 2.5 100.0 0.000 0.000 0.000 0.000 
260196 0.0 23.0 100.0 0.000 0.000 0.000 0.000 
270196 0.0 11.5 100.0 0.000 0.000 0.000 0.000 
280196 0.0 19.5 100.0 0.000 0.000 0.000 0.000 
290196 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
60296 0.0 51.0 100.0 0.000 0.000 0.000 0.000 
70296 0.0 14.0 100.0 0.000 0.000 0.000 0.000 
80296 0.0 19.5 100.0 0.000 0.000 0.000 0.000 
90296 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
200296 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
210296 0.0 26.5 100.0 0.000 0.000 0.000 0.000 
220296 0.0 26.0 100.0 0.000 0.000 0.000 0.000 
230296 0.0 18.0 100.0 0.000 0.000 0.000 0.000 
270296 0.0 7.5 100.0 0.000 0.000 0.000 0.000 
20396 0.0 2.5 100.0 0.000 0.000 0.000 0.000 
30396 0.0 18.5 100.0 0.000 0.000 0.000 0.000 
50396 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
60396 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
70396 0.0 2.5 100.0 0.000 0.000 0.000 0.000 
160396 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
220396 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
230396 0.0 1.0 100.0 0.000 0.000 0.000 0.000 
310396 0.0 52.5 100.0 0.000 0.000 0.000 0.000 
10496 0.0 2.0 100.0 0.000 0.000 0.000 0.000 
30496 0.0 4.0 100.0 0.000 0.000 0.000 0.000 
60496 0.0 10.5 100.0 0.000 0.000 0.000 0.000 
70496 0.0 19.5 100.0 0.000 0.000 0.000 0.000 
140496 0.0 3.5 100.0 0.000 0.000 0.000 0.000 
190496 0.0 7.0 100.0 0.000 0.000 0.000 0.000 
200496 0.0 4.5 100.0 0.000 0.000 0.000 0.000 
210496 0.0 27.5 100.0 0.000 0.000 0.000 0.000 
220496 0.0 4.0 100.0 0.000 0.000 0.000 0.000 
300496 0.0 25.5 100.0 0.000 0.000 0.000 0.000 
10596 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
30596 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
90596 0.0 1.5 100.0 0.000 0.000 0.000 0.000 
140596 0.0 18.0 100.0 0.000 0.000 0.000 0.000 
150596 0.0 0.5 100.0 0.000 0.000 0.000 0.000 
170596 0.0 3.0 100.0 0.000 0.000 0.000 0.000 
220596 0.0 33.0 100.0 0.000 0.000 0.000 0.000 
************************************************************************** 
************************************************************************** 
POTENTIAL ET (WEEKLY TOTALS, mm), DEPTH TO WATER TABLE (mm) 
MEAN WEEKLY TEMPERATURES AND MEAN WEEKLY AMPLITUDE (degrees c) 
--------------------------------------------------------------------------
week no. ET Water table Mean temp Amplitude 
----------------------------------------------
1 6.5 0.000 11.4 10.9 
2 7.2 0.000 12.5 12.6 
3 4.8 0.000 12.3 8.2 
4 6.0 0.000 8.2 13.8 
5 2.7 0.000 8.7 15.4 
6 12.5 0.000 11.4 11.7 
7 0.1 0.000 9.3 15.2 
8 5.3 0.000 8.5 15.9 
9 4.6 0.000 6.4 11.5 
10 3.6 0.000 6.8 11.1 
11 5.5 0.000 8.0 11.0 
12 5.4 0.000 7.4 15.3 
13 4.5 0.000 7.9 13.2 
14 4.9 0.000 7.9 10.0 
15 6.7 0.000 8.7 9.8 
16 8.8 0.000 8.6 11.8 
17 10.6 0.000 8.2 15.7 
18 10.7 0.000 7.4 12.1 
19 9.1 0.000 8.8 8.6 
20 14.8 0.000 11.3 13.3 
21 11.6 0.000 9.6 8.3 
22 12.6 0.000 9.2 11.0 
23 14.6 0.000 14.7 11.5 
24 20.1 0.000 13.0 14.5 
25 24.4 0.000 14.5 13.6 
26 24.6 0.000 12.1 13.9 
27 20.3 0.000 12.2 11.4 
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28 18.4 0.000 14.7 10.5 
29 21. 8 0.000 12.3 10.0 
30 18.0 0.000 13.5 10.6 
31 28.7 0.000 15.6 11.8 
32 22.4 0.000 13.9 9.0 
33 33.8 0.000 15.8 15.3 
34 27.5 0.000 15.7 10.9 
35 23.0 0.000 18.9 9.9 
36 27.5 0.000 20.1 14.3 
37 28.3 0.000 20.7 12.6 
38 31.9 0.000 20.9 14.2 
39 24.0 0.000 18.7 9.5 
40 23.8 0.000 15.5 12.2 
41 27.3 0.000 17.9 11.1 
42 26.8 0.000 18.7 12.1 
43 26.4 0.000 20.9 11.0 
44 24.5 0.000 18.5 10.9 
45 22.3 0.000 15.4 13.5 
46 20.3 0.000 17.3 14.5 
47 15.0 0.000 12.8 10.3 
48 15.8 0.000 14.2 14.3 
49 15.7 0.000 14.5 14.2 
50 12.0 0.000 16.5 13.6 
51 14.4 0.000 14.1 12.6 
52 9.1 0.000 9.8 14.2 
53 9.8 0.000 12.5 16.0 
54 6.1 0.000 11.6 9.2 
55 6.3 0.000 10.9 13.1 
56 6.8 0.000 12.3 13.8 
57 5.8 0.000 10.0 8.8 
58 3.7 0.000 8.1 7.3 
59 3.5 0.000 10.6 7.2 
60 3.4 0.000 8.5 12.5 
61 5.5 0.000 8.4 10.3 
62 4.4 0.000 6.0 12.5 
63 5.5 0.000 5.7 13.2 
64 6.4 0.000 9.0 12.4 
65 4.3 0.000 9.7 8.1 
66 5.0 0.000 10.6 7.8 
67 8.0 0.000 7.8 12.3 
68 9.0 0.000 8.3 13.8 
69 11.1 0.000 8.5 14.4 
70 11.6 0.000 7.9 16.6 
71 10.9 0.000 8.4 12.4 
72 14.2 0.000 9.3 12.3 
73 14.3 0.000 11.0 10.9 
74 12.8 0.000 9.7 11.8 
75 14.7 0.000 9.1 10.2 
76 16.7 0.000 11.9 10.3 
77 24.3 0.000 10.9 13.6 
78 20.3 0.000 13.4 9.0 
79 22.9 0.000 15.0 12.4 
80 27.1 0.000 19.3 10.2 
81 23.2 0.000 17.4 13.4 
82 26.0 0.000 14.3 11.7 
83 27.1 0.000 16.3 11.2 
84 29.2 0.000 15.8 13.9 
85 25.9 0.000 15.5 11.4 
86 31. 8 0.000 16.0 13.1 
87 30.2 0.000 17.2 13.2 
88 32.9 0.000 16.0 15.2 
89 23.3 0.000 16.9 12.0 
90 32.0 0.000 19.8 12.6 
91 29.4 0.000 20.4 10.4 
92 22.6 0.000 18.2 10.5 
93 19.2 0.000 18.8 8.1 
94 18.7 0.000 17.1 6.7 
95 22.6 0.000 19.7 11.5 
96 17.4 0.000 17.8 9.5 
97 24.1 0.000 18.0 13.5 
98 17.7 0.000 17.0 10.2 
99 18.4 0.000 17.2 15.1 
100 14.6 0.000 18.3 11.2 
101 11.1 0.000 19.0 6.8 
102 9.5 0.000 16.4 9.0 
103 9.9 0.000 15.1 8.6 
104 5.8 0.000 16.5 5.3 
105 7.1 0.000 14.3 6.7 
106 7.0 0.000 10.2 9.8 
107 8.2 0.000 11.1 13.5 
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108 4.8 0.000 7.1 11.5 
109 5.1 0.000 10.3 8.9 
110 4.7 0.000 5.3 12.6 
111 4.4 0.000 8.1 9.7 
112 3.4 0.000 6.1 9.0 
113 5.9 0.000 9.2 11.8 
114 4.1 0.000 8.3 9.6 
115 4.6 0.000 8.9 11.9 
116 4.9 0.000 6.9 9.5 
117 5.9 0.000 6.1 13.7 
118 6.0 0.000 6.7 10.3 
119 5.6 0.000 9.5 8.6 
120 7.8 0.000 7.9 11.9 
121 8.6 0.000 7.8 12.7 
122 9.7 0.000 7.7 12.4 
123 13.3 0.000 10.4 12.0 
124 15.4 0.000 8.3 15.0 
125 11.8 0.000 10.9 10.4 
126 14.0 0.000 13.8 9.9 
127 14.1 0.000 14.9 8.0 
128 16.1 0.000 12.7 11.2 
129 17.6 0.000 11.0 12.7 
130 19.6 0.000 12.9 10.1 
131 13.5 0.000 13.5 7.6 
132 26.9 0.000 14.7 11.9 
133 25.5 0.000 14.7 9.9 
134 23.1 0.000 12.9 12.6 
135 29.3 0.000 15.8 12.4 
136 33.9 0.000 19.8 13.0 
137 27.6 0.000 18.6 9.5 
138 25.8 0.000 17.5 8.9 
139 25.1 0.000 17.4 11.3 
140 31. 5 0.000 18.7 11.6 
141 19.0 0.000 19.7 7.7 
142 20.2 0.000 19.3 6.9 
143 21.9 0.000 16.2 9.1 
144 23.3 0.000 19.2 8.0 
145 23.1 0.000 20.2 9.4 
146 24.5 0.000 18.8 8.8 
147 17.2 0.000 18.0 9.0 
148 20.9 0.000 15.9 11.8 
149 14.4 0.000 17.0 6.9 
150 20.2 0.000 14.8 11.9 
151 18.6 0.000 16.7 12.1 
152 16.2 0.000 13.1 12.7 
153 14.0 0.000 17.0 9.6 
154 8.2 0.000 13.7 9.5 
155 11.6 0.000 18.4 9.7 
156 5.8 0.000 13.4 6.2 
157 8.8 0.000 12.7 10.1 
158 6.8 0.000 10.0 11.9 
159 6.1 0.000 10.4 11.4 
160 5.8 0.000 11.0 9.9 
161 5.2 0.000 9.2 10.9 
162 4.6 0.000 7.7 10.2 
163 4.6 0.000 7.2 11.9 
164 5.6 0.000 5.2 15.3 
165 4.4 0.000 11.1 8.4 
166 4.1 0.000 7.1 9.4 
167 2.7 0.000 8.1 7.2 
168 1.7 0.000 10.1 5.6 
169 5.1 0.000 11.2 9.3 
170 6.5 0.000 8.0 7.6 
171 7.1 0.000 8.9 12.3 
172 6.0 0.000 7.7 9.9 
173 8.6 0.000 7.2 10.0 
174 11.3 0.000 8.3 12.0 
175 9.5 0.000 9.8 10.2 
176 13.1 0.000 12.1 13.0 
177 15.4 0.000 12.3 12.4 
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pif @ 
@DATE 02/02/94@ . 
127 [s030-077]99:108 [1030-077]127:136 
11 [S040-077]99:108 [1040-077]127:136 
11 [s050-077]99:108 [1050-077]127:136 
@DATE 21/02/94@ 
127 [S030-096]99:108 [1030-096]127:136 
11 [s040-096]99:108 [1040-096]127:136 
@DATE 21/03/94@ 
127 [s030-127]99:108 [1030-127]127:136 
11 [s040-127]99:108 [1040-127]127:136 
13 [s070-127]99:108 [1070-127]127:136 
14 [s110-127]99:108 [1110-127]127:136 
@DATE 26/04/94@ 
128 [S040-162]99:108 [1040-162]127:136 
11 [S050-162]99:108 [1050-162]127:136 
12 [S070-162]99:108 [1070-162]127:136 
14 [S110-162]99:108 [1110-162]127:136 
@DATE 30/05/94@ 
128 [S040-197]99:108 [1040-197]127:136 
13 [S070-197]99:108 [1070-197]127:136 
@DATE 04/07/94@ 
127 [S030-232]99:108 [1030-232]127:136 
11 [s040-232]99:108 [1040-232]127:136 
11 [S050-232]99:108 [1050-232]127:136 
12 [S070-232]99:108 [1070-232]127:136 
@DATE 01/08/94@ 
127 [S030-259]99:108 [1030-259]127:136 
11 [S040-259]99:108 [1040-259]127:136 
11 [S050-259]99:108 [1050-259]127:136 
12 [S070-259]99:108 [1070-259]127:136 
12 [S085-259]99:108 [1085-259]127:136 
@DATE 13/09/94@ 
127 [S030-302]99:108 [1030-302]127:136 
11 [S040-302]99:108 [1040-302]127:136 
11 [S050-302]99:108 [1050-302]127:136 
12 [S070-302]99:108 [1070-302]127:136 
12 [S085-302]99:108 
@DATE 17/10/94@ 
128 [S040-336]99:108 [1040-336]127:136 
13 [S070-336]99:108 [1070-336]127:136 
@DATE 29/11/94@ 
128 [S040-379]99:108 [1040-379]127:136 
13 [S070-379]99:108 [1070-379]127:136 
@DATE 19/12/94@ 
131 [s070-399]99:108 [1070-399]127:136 
@DATE 22/12/94@ 
128 [S040-402]99:108 [1040-402]127:136 
@DATE 07/02/95@ 
128 [S040-447]99:108 [1040-447]127:136 
13 [S070-447]99:108 [1070-447]127:136 
@DATE 13/03/95@ 
128 [S040-484]99:108 [1040-484]127:136 
11 [S050-484]99:108 [1050-484]127:136 
12 [S070-484]99:108 [1070-484]127:136 
12 [S085-484]99:108 [1085-484]127:136 
12 [S110-484]99:108 [1110-484]127:136 
@DATE 10/04/95@ 
127 [S030-511]99:108 [1030-511]127:136 
11 [S040-511]99:108 [1040-511]127:136 
11 [S050-511]99:108 [1050-511]127:136 
12 [S070-511]99:108 [1070-511]127:136 
12 [S085-511]99:108 [1085-511]127:136 
12 [S110-511]99:108 [1110-511]127:136 
@DATE 15/05/95@ 
128 [S040-547]99:108 [1040-547]127:136 
11 [S050-547]99:108 [1050-547]127:136 
12 [S070-547]99:108 [1070-547]127:136 
12 [S085-547]99:108 [1085-547]127:136 
12 [S110-547]99:108 
@DATE 12/06/95@ 
128 [S040-574]99:108 [1040-574]127:136 
11 [S050-574]99:108 [1050-574]127:136 
12 [S070-574]99:108 [1070-574]127:136 
12 [S085-574]99:108 [1085-574]127:136 
@DATE 17/07/95@ 
128 [s040-610]99:108 [1040-610]127:136 
11 [S050-610]99:108 [1050-610]127:136 
12 [S070-610]99:108 [1070-610]127:136 
12 [1085-610]127:136 
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12 [r110-610]127:136 
@DATE 14/08/95@ 
128 [S040-637]99:108 [r040-637]127:136 
11 [S050-637]99:108 [r050-637]127:136 
12 [S070-637]99:108 [r070-637]127:136 
@DATE 18/09/95@ 
128 [s040-672]99:108 [r040-672]127:136 
13 [s070-672]99:108 [r070-672]127:136 
@DATE 16/10/95@ 
131 [S070-700]99:108 [r070-700]127:136 
@DATE 20/11/95@ 
128 [S040-735]99:108 [r040-735]127:136 
13 [S070-735]99:108 [r070-735]127:136 
12 [r085-735]127:136 
@DATE 18/12/95@ 
128 [S040-763]99:108 [r040-763]127:136 
15 [r085-763]127:136 
@DATE 22/01/96@ 
128 [S040-797]99:108 [r040-797]127:136 
11 [r050-797]127:136 
12 [S070-797]99:108 [r070-797]127:136 
12 [s085-797]99:108 [r085-797]127:136 
NGATARsr.ins 
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pcf 
* control data 
restart estimation 
6 147 6 0 1 
1 1 single point 
5.0 2.0 0.3 0.03 10 
3.0 3.0 0.001 
0.1 
30 0.01 3 3 0.01 3 
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,', parameter groups 
koc1 relative 0.01 
koc2 relative 0.01 
trll relative 0.01 
tr12 relative 0.01 
tr21 relative 0.01 
tr22 relative 0.01 
* parameter data 
koc1 none relative 
koc2 none relative 
trll none relative 
tr12 none relative 
tr21 none relative 
tr22 none relative 
* observation groups 
obsgroup 
* observation data 
5030-077 150.000 
i030-077 11.0000 
5040-077 48.0000 
i040-077 15.0000 
5050-077 91.0000 
i050-077 17.0000 
5030-096 137.000 
i030-096 21.0000 
5040-096 80.0000 
i040-096 13.0000 
5030-127 228.000 
i030-127 50.0000 
5040-127 105.000 
i040-127 44.0000 
5070-127 11.0000 
i070-127 0.500000 
5110-127 46.0000 
i110-127 1.50000 
5040-162 57.0000 
i040-162 35.0000 
5050-162 221.000 
i050-162 60.0000 
5070-162 7.20000 
i070-162 0.500000 
5110-162 24.0000 
i110-162 1.30000 
5040-197 91.0000 
i040-197 32.0000 
5070-197 5.10000 
i070-197 0.600000 
5030-232 120.000 
i030-232 26.0000 
s040-232 73.0000 
i040-232 26.0000 
5050-232 288.000 
i050-232 52.5000 
5070-232 3.20000 
i070-232 0.500000 
5030-259 172.000 
i030-259 25.2000 
5040-259 89.0000 
i040-259 34.0000 
5050-259 402.000 
i050-259 72.0000 
5070-259 2.20000 
i070-259 1.10000 
5085-259 5.10000 
0.0 switch 
0.0 switch 
0.0 switch 
0.0 switch 
0.0 switch 
0.0 switch 
76.000 
49.000 
5.500000E-03 
7.200000E-03 
3.700000E-01 
2.600000E-02 
1.0 obsgroup 
1. 0 obsg roup 
1. 0 obsg roup 
1. 0 obsg roup 
1.0 obsgroup 
1. 0 obsg roup 
0.5 obsgroup 
1. 0 obsg roup 
1. 0 obsg roup 
1. 0 obsg roup 
1. 0 obsg roup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
0.5 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
0.5 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsg roup 
1. 0 obsg roup 
1. 0 obsg roup 
0.5 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
0.5 obsgroup 
1.0 obsgroup 
1. 0 obsgroup 
1. 0 obsgroup 
0.5 obsgroup 
NGATARSI.PST 
parabolic 2.0 
2.0 parabolic 
2.0 parabolic 
2.0 parabolic 
2.0 parabolic 
2.0 parabolic 
1. 000000 E -10 1.000000E+10 
1. 000000 E -10 1.000000E+10 
1. 000000E-10 1.000000E+10 
1. 000000E-10 1. 000000E+10 
1. 000000E-10 1. 000000E+10 
1. 000000E-10 1.000000E+10 
koc1 
koc2 
trll 
tr12 
tr21 
tr22 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
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;085-259 1. 50000 1.0 obsgroup 
5030-302 134.000 1.0 obsgroup 
;030-302 24.0000 1.0 obsgroup 
5040-302 81.0000 1.0 obsgroup 
;040-302 32.0000 1.0 obsgroup 
5050-302 345.000 0.5 obsgroup 
;050-302 65.0000 1.0 obsgroup 
5070-302 2.30000 0.5 obsgroup 
;070-302 1.50000 1.0 obsgroup 
5085-302 3.80000 0.5 obsgroup 
5040-336 83.0000 1.0 obsgroup 
;040-336 35.0000 1.0 obsgroup 
5070-336 2.70000 0.5 obsgroup 
;070-336 1.80000 1.0 obsgroup 
5040-379 59.0000 1.0 obsgroup 
;040-379 40.0000 1.0 obsgroup 
5070-379 3.00000 1.0 obsgroup 
;070-379 1.80000 1.0 obsgroup 
5070-399 3.20000 1.0 obsgroup 
;070-399 2.50000 1.0 obsgroup 
5040-402 31.0000 1.0 obsgroup 
;040-402 34.0000 1.0 obsgroup 
5040-447 13 .0000 1.0 obsgroup 
; 040-447 29.0000 1.0 obsgroup 
5070-447 3.50000 1.0 obsgroup 
; 070-447 3.40000 1.0 obsgroup 
5040-484 6.30000 1.0 obsgroup 
;040-484 16.0000 1.0 obsgroup 
5050-484 98.0000 0.5 obsgroup 
;050-484 86.0000 0.5 obsgroup 
5070-484 1.70000 1.0 obsgroup 
; 070-484 2.10000 1.0 obsgroup 
5085-484 2.40000 1.0 obsgroup 
;085-484 3.60000 1.0 obsgroup 
5110-484 2.40000 1.0 obsgroup 
; 110-484 1.80000 1.0 obsgroup 
5030-511 5.00000 1.0 obsgroup 
;030-511 10.0000 1.0 obsgroup 
5040-511 4.00000 1.0 obsgroup 
;040-511 12.0000 1.0 obsgroup 
5050-511 120.000 0.5 obsgroup 
; 050-511 74.0000 0.5 obsgroup 
5070-511 0.800000 1.0 obsgroup 
;070-511 1.40000 1.0 obsgroup 
5085-511 0.700000 1.0 obsgroup 
;085-511 1.20000 1.0 obsgroup 
5110-511 0.800000 1.0 obsgroup 
; 110-511 0.800000 1.0 obsgroup 
5040-547 2.70000 1.0 obsgroup .'.- -'"-' ~ 
;040-547 8.20000 1.0 obsgroup 
5050-547 28.0000 1.0 obsgroup 
; 050-547 48.0000 1.0 obsgroup 
5070-547 0.700000 1.0 obsgroup 
;070-547 1. 30000 1.0 obsgroup 
5085-547 0.800000 1.0 obsgroup 
;085-547 1.50000 1.0 obsgroup 
5110-547 0.600000 1.0 obsgroup 
5040-574 2.00000 1.0 obsgroup 
;040-574 5.60000 1.0 obsgroup 
5050-574 13.0000 1.0 obsgroup 
;050-574 34.0000 1.0 obsgroup 
5070-574 0.700000 1.0 obsgroup 
;070-574 1.30000 1.0 obsgroup 
5085-574 0.800000 1.0 obsgroup 
; 085-574 1.60000 1.0 obsgroup 
5040-610 2.30000 1.0 obsgroup 
;040-610 6.80000 1.0 obsgroup 
5050-610 3.50000 1.0 obsgroup 
; 050-610 21.3000 1.0 obsgroup 
5070-610 0.600000 1.0 obsgroup 
;070-610 1. 30000 1.0 obsgroup 
;085-610 1.20000 1.0 obsgroup 
; 110-610 0.700000 1.0 obsgroup 
5040-637 2.10000 1.0 obsgroup 
;040-637 5.80000 1.0 obsgroup 
5050-637 2.90000 1.0 obsgroup 
;050-637 15.3000 1.0 obsgroup 
5070-637 0.600000 1.0 obsgroup 
;070-637 1. 30000 1.0 obsgroup 
5040-672 2.10000 1.0 obsgroup 
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i040-672 6.50000 1.0 obsgroup 
5070-672 0.700000 1.0 obsgroup 
i070-672 1~30000 1.0 obsgroup 
5070-700 0.800000 1.0 obsgroup 
i070-700 1.60000 1.0 obsgroup 
5040-735 1.80000 1.0 obsgroup 
i040-735 6.70000 1.0 obsgroup 
5070-735 1.10000 1.0 obsgroup 
i070-735 3.20000 1.0 obsgroup 
i085-735 2.00000 1.0 obsgroup 
5040-763 2.20000 1.0 obsgroup 
i040-763 7.50000 1.0 obsgroup 
i085-763 5.20000 1.0 obsgroup 
5040-797 1.80000 1.0 obsgroup 
i040-797 6.00000 1.0 obsgroup 
i050-797 10.8000 1.0 obsgroup 
5070-797 1.60000 1.0 obsgroup 
i070-797 5.40000 1.0 obsgroup 
5085-797 0.400000 1.0 obsgroup 
i085-797 5.60000 1.0 obsgroup 
* model command line 
leachp < ngatarsi >out.txt 
* model input/output 
ngatarsi .tpl ngatarsi 
ngatarsi .ins ngatarsi.out 
* prior information 
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